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LETTER  OF  TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters*  Association, 
Honolulu,  Hawaii. 

Dear  Sirs: — I  herewith  submit  for  publication  as  Bulletin 
No-  34  of  the  Agricultural  and  Chemical  Series,  an  article  by  Air. 
S.  S.  Peck,  Chemist,  entitled :  **Some  Bio-chemical  Investigations 
of  Hawaiian  Soils  with  Special  Reference  to  Fertilizing  with 
Molasses." 

Yours  very  truly, 

C.   F.  ECKART, 

Director. 
Honolulu,  Hawaii,  September  22,  1910. 


L'N'DERGROUXD   CULTURE   CHAMBER. 
(See  Page  16.) 


SOME  BIO-CHEMICAL  INVESTIGATIONS  OF  HAWAH- 

AN  SOILS,  WITH  SPECIAL  REFERENCE  TO 

FERTILIZING  WITH  MOLASSES. 


l>y  S.  S.  Peck. 


It  is  only  about  three  decades  since  the  appHcation  of  bacterio- 
logical investigation  has  been  vigorously  followed  as  regards  agri- 
culture and  soil  investigations.  Following  Liebig's  conclusions, 
the  soil  was  presumed  to  be  but  a  storehouse  gf  nutrients  for  the 
growing  plants,  and  an- exhausted  soil  implied  principally  a  lack 
of  mineral  nutrients.  According  to  Liebig,  the  nitrogen  was  sup- 
plied to  plants  from  the  ammonia  brought  to  the  sail  in  the  rain 
water,  and  derived  from  the  air.  When  confronted  by  figures 
showing  the  small  quantity  of  nitrogen  thus  introduced  into  the 
soil,  amounting  to  only  a  few  pounds  annually,  he  maintained 
that  the  plants,  particularly  cereals,  were  able  to  take  ammonia 
directly  from  the  air  through  their  leaves.  To  him,  as  well  as 
many  other  early  investigators  of  soil  problems,  the  changes  tak- 
ing place  in  the  soil  were  of  a  purely  chemical  nature. 

The  first  impetus  to  the  bacteriological  examination  of  soils 
was  received  from  Pasteur's  investigations  and  results  in  other 
fiekls  of  bacteriological  research-  It  was  he,  also,  who  first  sug- 
gested that  nitrification  in  soils  was  due  to  ferments,  and  also 
called  attention  to  the  fact  that  micro-organisms,  aside  from  those 
whose  actions  are  injurious  or  pathogenic,  are  indispensable  for 
the  continuance  of  life,  both  vegetable  and  animal.  He  wrote: 
"If  the  micro-organisms  disappeared  from  the  earth,  the  surface 
of  the  globe  would  be  filled  with  dead  organic  matter  and  dead 
bodies  of  all  kind,  animal  and  vegetable.  It  is  principally  to 
them  that  oxygen  owes  its  consuming  properties ;  without  them, 
life  would  become  impossible,  since  the  work  of  death  would  be 
incomplete  **  * 

Since  the  inception  of  bio-chem:cal  soil  investigations,  the  ni- 
trogen problem  has  absorbed  the  attentions  of  soil  bacteriologists 
almost  exclusively.  Some  work  has  been  done  as  regards  the  ac- 
tion of  soil  bacteria  on  phosphorus  and  potassium  compounds  in 
the  soil,  but  to  a  very  limited  extent.  The  recognized  dependence 
of  the  plant  kingdom  on  the  nitrogenous  nutrients  available,  the 
limited  supply  of  nitrogenous  fertilizers,  and  their  greater  money 
value  as  compared  with  those  supplying  phosphorus  and  potas- 
sium, have  all  tended  to  divert  the  channel  of  soil  bacterial  inves- 
tigation in  this  direction. 


The  first  actual  experimental  proof  of  the  process  of  nitrifica- 
t'on  in  soils  was  recorded  by  Schloesing  and  Mnntz  in  1879.  ^ 
( ):i  passing  sewage  rich  in  ammonia  and  nitrogenous  compounds 
through  a  soil  filter,  they  observed  that  the  water  draining 
through  was  much  richer  in  nitrates  than  that  entering.  On  first 
treating  the  soil  filter  with  antiseptics,  the  transformation  was 
stopped :  and  others  afterwards  demonstrated  that  heating  the  soil 
produced  the  same  effect  as  that  from  antiseptics.  They  therefore 
concluded  that  the  changes  were  bacterial  in  their  nature,  but 
their  views  were  not  accepted  at  once,  for  as  late  as  1887  investi- 
gators are  found  still  clinging  to  the  chemical  tlieory  of  nitrifica- 
tion. It  was  not  until  after  the  extensive  researches  of  Waring- 
ton  and  F'rankland,  and  finally  the  isolation  of  the  specific  organ- 
isms causing  the  nitrification,  by  Winogradsky  in  1890,  that  the 
bacterial  theory  became  firmly  grounded. 

The  biological  viewpoint  of  the  soil  has  now  become  as  thor- 
oughly accepted  as  was  the  chemical  some  decades  ago.  The  soil 
can  no  longer  be  looked  upon  as  a  non-living  mass  merely  furnish- 
ing a  mechanical  support  to  roots  of  plants  and  acting  as  a  car- 
rier of  moisture  and  dissolved  nutrients  to  them.  All  the  improve- 
ments from  the  usual  practices  of  good  husbandry,  such  as  cultiva- 
tion, drainage.  fertiHzation,  green  manuring,  etc-,  are  largely  ex- 
plainable by  their  respective  and  collective  beneficial  actions  on 
the  teeming  millions  of  micro-organisms  inhabiting  the  soil. 

The  soil  can  be  regarded  from  several  viewpoints,  a  recent 
[Hiblication  *  dividing  them  into,  1.  Physiographical  (regarding 
origin)  ;  2.  Chemical  (as  a  purveyor  of  plant  food)  :  3.  Physical 
or  mechanical  (as  a  medium  for  the  transmission  of  moisture  and 
plant  food )  :  and  4.  Biological,  from  which  viewpoint  "a  soil  is  a 
more  or  less  weathered  rock  detritus  commingled  with  organic 
matter,  wherein  micro-organisms,  mostly  bacterial  in  their  nature, 
functionate,  transforming  raw  materials  into  available  plant  food, 
reducing  relatively  complex  molecules  of  animal  and  vegetable 
origin  into  simpler  forms  suitable  to  plant  nutrition.''  Soil  fer- 
tility, which  to  the  chenn'sts  means  the  maintenance  in  the  soil  of 
conditions  necessary  for  providing  the  necessary  mineral  nutrients 
or  their  introduction  therein  from  artificial  sources ;  to  soil  physi- 
cists, the  optimum  mechanical  conditions  suitable  for  root  de- 
velopment, drainage,  and  moisture  conservation ;  to  later  investi- 
gators, the  elimination  of  toxic  excretions  from  the  growing  crop, 
means  to  the  soil  bacteriologist  the  maintenance  of  those  condi- 
tions of  drainage,  aeration,  nutrition  and  reaction  which  will  re- 
act most  favorably  on  the  development  of  beneficial  soil  organ- 
isms, and  the  introduction  into  the  soil,  when  necessary,  of  such 
organisms  as  are  essential  to  the  growth  of  particular  plants. 


l>actcria  are  divided  into  two  general  classes;  aerobic,  or  air- 
loving,  and  anaeiobic,  or  those  developing  only  in  the  absence  of 
air.  Between  these  two  classes  are  found  those  which  can  adapt 
themselves  to  either  condition,  termed  facultative  aerobic  or  an- 
aerobic. Again,  both  types  may  flourish  together,  the  aerobic,  by 
withdrawing  the  oxygen  from  the  soil  air  furnishing  a  suitable 
atmosphere  for  the  anaerobic  organisms.  In  agriculture,  however, 
the  conditions  of  tilth  furnish  the  conditions  best  suited  for  aerobic 
bacteria,  and  for  the  purposes  of  soil  investigation  these  are  the 
only  ones  requiring  close  study. 

As  long  ago  as  1850  it  was  a  matter  of  common  knowledge  that 
crops  of  the  leguminosae  family  contained  more  nitrogen  than 
was  supplied  to  them  as  fertilizer  or  removed  from  the  soil,  but  it 
was  not  until  1886  that  the  researches  of  Hellreigel  and  Wilfarth 
established  the  connection  between  this  increase  and  the  symbiotic 
fixation  of  nitrogen  from  the  atmosphere  by  the  plant  and  bac- 
teria found  in  the  nodules  of  the  roots,  named  Pseudomonas 
radicicola.  ^  The  final  test  of  the  presence  and  activity  of  these 
organisms  in  a  given  soil  is  the  development  of  the  characteristic 
tubercles  on  the  rocns  of  a  plant  of  this  family  when  growing  in 
the  soil,  and  this  does  not  come  strictly  within  the  scope  of  a  bio- 
chemical examination  of  the  soil.  In  connection  with  these  par- 
ticular organisms,  it  has  been  found  that  when  the  leguminous 
plant  has  failed  to  develope  the  root-nodules,  other  conditions 
such  as  tilth,  reaction,  etc.,  of  the  soil  being  favorable,  the  ab- 
sence of  the  bacteria  peculiar  to  the  host  plant  is  demonstrated. 
The  soil  can  be  then  incKulated  either  by  the  necessary  pure  cul- 
ture of  the  organism  needed ;  or  better,  by  supplying  the  organ- 
ism by  adding  soil  from  a  region  where  the  successful  develop- 
ment of  the  plant  in  question  has  shown  the  presence  of  the  de- 
sired organism. 

In  reference  to  other  bacteria  of  the  soil,  however,  the  problem 
of  inoculation  has  not  yet  been  worked  to  a  successful  conclusion. 
As  a  matter  of  fact,  all  the  organisms  necessary  for  the  trans- 
formation of  nitrogen  in  the  soil  are  present,  in  varying  numbers 
and  proportions,  in  all  arable  soils.  Their  numerical  or  potential 
proportions,  however,  as  well  as  the  correct  conditions  of  moist- 
ure, temp)erature,  chemical  and  mechanical  conditions  of  the  soils, 
and  the  presence  of  larger  organisms,  are  not  always  favorable  to 
the  development  of  the  most  beneficial  species.  It  is  by  altering  or 
assisting-  these  conditions  that  the  present  status  of  the  chemico- 
bacteriological  investigations  of  soils  can  serve  its  most  useful 
purpose  toward  agricultural  economy.  Additions  of  antiseptics, 
such  as  carbon  bisulphide,  thorough  aeration  and  exposing  to 
the  heat  of  the  sun,  and  burning  ofT  tlie  surface  of  fields  have  pro- 
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duced  favorable  crop  results  which  can  be  largely  attributed  to 
changes  in  the  bacterial  flora  of  the  surface  soil.  Improving  the 
drainage;  altering  the  mechanical  condition  of  the  soil  by  addi- 
tion of  such  amendments  as  lime,  lime  carbonate,  or  gypsum ; 
correcting  soil  acidity  by  lime  salts ;  increasing  the  humus  content 
of  the  soil  by  plowing  under  green  crops  or  addition  of  stable 
manure ;  addition  of  fertilizers  supplying  necessary  mineral  nu- 
trients,— all  find  a  partial  answer  as  to  the  reason  of  increased 
crop  returns  in  their  respective  effects  on  the  beneficial  organisms 
of  the  soil. 

In  the  beginning  of  this  year,  work  was  initiated  at  this  Station 
with  the  intention  of  investigating  the  bacterial  action  in  Hawaiian 
soils,  with  the  idea  of  establishing  a  basis  from  which  the  fertility 
of  the  soils  might  be  measured  in  terms  of  transformation  of 
nitrogen  compounds ;  and  also  with  the  view  of  isolating  the  pre- 
dominant bacterial  species,  studying  their  action  in  pure  culture, 
and  establishing  their  identity,  when  possible,  with  species  already 
described.  At  about  this  time  our  attention  was  called  to  the  use 
of  molasses  as  a  fertilizer,  and  a  series  of  experiments  was  started 
to  determine  the  action  of  molasses  on  the  various  soil  organisms 
as  respects  their  transformation  of  nitrogenous  fertilizers. 

Molasses  has  been  used  as  a  fertilizer  on  cane  fields  with  vary- 
ing results.  In  1903,  the  Java  Experiment  Station,  having  its  at- 
tention called  to  the  uncertain  results  from  this  use  of  waste  mo- 
lasses, undertook  a  series  of  field  experiments.  ^  In  the  first 
scries,  molasses  was  applied  to  growing  cane  in  the  furrow  at  the 
rate  of  five  gallons  per  furrow*  with  the  result  that  the  cane  died 
after  two  days.  In  another  series  the  cane  received  molasses  partly 
dissolved  in  the  irrigation  water  at  the  rate  of  350  cubic  centi- 
meters per  plant,  or  7  liters  per  furrow,  these  plats  and  the  check 
])lants  receiving  a  further  dressing  of  sulphate  of  ammonia  at  the 
rate  of  133  pounds  per  acre.  The  results  of  the  molasses  plats  and 
two  others  receiving  no  molasses  were: 

Molasses.       No  Molasses. 

Tons  cane  per  acre  34.65        34.32        37.29 

Tons  available  sugar  per  acre   4.58  4.75  5.04 


♦The  original  article  gives  the  measurements  of  molasses  in  "kero- 
sene tins/'  which  I  have  presumed  to  have  a  content  of  5  gallons  each. 


3.13 

25 .  18 

3.64 

3.04 

28.05 

4.04 

3.08 

25 .  54 

3.94 

3.14 

28.41 

4.04 

In  the  same  year  new  tests  were  started,  where,  instead  of 
applying  the  molasses  to  the  growing  cane,  it  was  poured  on  the 
ridge  hilled  up  between  the  furrows.  After  a  month  the  furrows 
were  filled  up  to  a  depth  of  seven  inches  with  soil  and  fertilized 
with  bean  cake  at  the  rate  of  22  pounds  of  nitrogen  per  acre.  Af- 
ter planting,  the  plats  were  fertilized  with  133  pounds  of  sulphate 
of  ammonia  per  acre,  and  cultivated  the  same  as  the  check  plats. 
Two  plats  received  5  gallons  molasses  per  furrow,  and  two  re- 
ceived 10  gallons.  The  results  were  as  follows,  in  tons  of  cane 
and  sugar  per  acre. 

Cane.       Sugar-       Cane.      Sugar. 

No  molasses   21 .  58 

5  gallons  molasses   21 .58 

Xo   molasses    21 .95 

10  gallons   molasses    22.67 

These  results  show  a  very  slight  difference  in  favor  of  mo- 
lasses, which  is  not  beyond  the  errors  of  observation. 

In  1909  there  were  reported  results  from  the  experiment  sta- 
tion in  Mauritius  *  where  decidedly  increased  gains  were  obtained 
when  a  liter  of  molasses  was  placed  in  each  cane  hole  at  the  time 
of  digging  them,  two  months  previous  to  the  planting  of  the  seed 
cane.  The  increased  yield  persisted,  although  to  a  gre^itly  dimin- 
ished extent,  to  the  third  ratoon  crop.  The  author  is  inclined  to 
ascribe  the  beneficial  action  of  the  molasses  to  something  besides 
the  fertilizing  ingredients  contained  therein ;  and  suggests  a  pos- 
sible advantage  in  employing  it  in  small  doses  in  diluted  condition, 
frequently  repeated.  This  statement  is  quite  contrary  to  the  ex- 
perience obtained  in  Java,  and  as  will  be  seen  from  the  tests  car- 
ried on  in  this  laboratory,  not  to  be  accepted  for  Hawaiian  con- 
ditions. 

During  the  season  of  1908-1909,  a  series  of  molasses  fertilizing 
experiments  were  concluded  at  Antigua.'  Second  vacuum  pan 
molasses  was  used  at  the  rate  of  200  and  400  gallons  per  acre  to 
ratoon  cane,  about  six  weeks  after  the  canes  had  been  cut  as 
plant,  it  being  applied  proportionately  at  the  rate  required  to 
each  cane  hole.  The  plots  were  1-40  acre  in  area,  and  formed 
an  adjunct  to  a  larger  series  of  manurial  experiments  carried  on 
at  various  estates.  Five  estates  reported  results,  of  which  four 
gave  an  increased  yield  due  to  the  molasses,  and  one  a  loss.  The 
average  of  all  five  was:  No  molasses,  8.7;  200  gallons  molasses 
10.0;  and  400  gallons  molasses,  11.7  tons  per  acre.  The  maxnnum 
gain  was  7-1  tons  cane  per  acre,  from  400  gallons ;  the  minimum 
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gain,  1.8  tons  from  400  gallons :  and  the  greatest  loss  was  3.2  tons 
from  200  gallons.  The  gieatest  increase  of  yield  was  not  remun- 
erative at  the  price  that  molasses  was  bringing  at  that  time.  The 
author  is  of  the  opinion  that  the  increase  of  yield  could  not  be  as- 
cribed to  the  potash  in  the  molasses,  since  an  average  of  five  years 
experiments  shows  that  an  application  of  60  pounds  of  potash 
without  nitrogen  or  phosphoric  acid  increased  the  yield  over  the 
no-manure  crops  by  only  0.7  ton  cane  per  acre.  The  nitrogen 
and  phosphoric  acid  in  the  mohsses  were  in  too  small  amounts  to 
have  affected  the  yield.  The  differences,  however,  in  our  opinion, 
are  too  slight  to  lead  to  any  definite  conclusions.  Thus  in  another 
test  completed  this  same  year,  a  series  without  manure  gave  15.1 
tons  per  acre,  and  one  with  60  pounds  of  potash  as  sulphate  yielded 
18.4  tons,  or  a  gain  of  3.3  tons ;  on  the  other  hand,  plots  receiving 
(lO  pounds  of  nitrogen  as  sulphate  of  ammonia  and  40  pounds  of 
phosphoric  acid,  show  generally  a  small  loss  when  potash  was  sup- 
plied in  addition.  The  average  gain  in  the  molasses  test  was  3  tons 
of  cane  per  acre  from  400  gallons  of  molasses,  which  is  the  same 
as  that  due  to  60  pounds  of  potash  in  experiments  carried  on  dur- 
ing the  same  season. 

In  1909  the  Java  Experiment  Station  ^  reported  results  from 
six  localities  on  the  use  of  molasses  as  fertilizer.  The  general  plan 
of  the  experiments  was  as  follows: — A  section  of  land  was 
divided  into  40  subdivisions,  each  comprising  from  25  to  50  fur- 
rows, and  treated  in  the  following  manner- 

1.  5  gallons*  molasses  in  the  furrow,  and  5  gallons  on  the 
ridge. 

2.  5  gallons  molasses  on  each  ridge. 

3.  5  gallons  molasses  in  each  furrow. 

4.  No  molasses. 

In  addition,  each  test  received  the  usual  amounts  of  sulphate  of 
ammonia  or  bean  cake.  The  molasses  was  applied  immediately 
after  digging  the  furrow  in  order  to  *iose  its  harmful  action  on 
the  young  cane."  The  amounts  of  molasses  applied  were  not,  how- 
ever, the  same  in  all  the  experiments.t  nor  the  amounts  of  nitro- 
genous dressings,  but  were  identical  in  all  the  tests  in  each  indivi- 
dual locality.  The  results  have  been  collected  in  the  following 
table,  on  the  basis  of  2  acres  to  a  "bouw,"  133  pounds  to  a 
"picul,"  11-3  pounds  to  a  "katti,*'  and  5  gallons  to  a  ''kerosene- 
tin,"  and  stated  in  short  tons  per  acre. 

♦See  note  page  8. 

tThe  molasses  applications  varied  from  23,000  to  46,000  pounds  per 
acre,  sulphate  of  ammonia  from  66  to  330  pounds  per  acre,  and  bean 
cake  from  66  to  166  pounds  per  acre.  The  molasses  was  about  64  Brix. 
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Molasses  en 

Ridge  and  in 

Furrow. 

Molasses  on 
Ridge. 

1 

Molasses  in 
Furrow. 

1 

No. 
Molasses. 

Cane. 

Sugar. 

Cane. 

Sugar. 
4.09 

Cane.     Sugar. 

+ *                           + 

•  •••«                  •••■ 

Cane. 

Sugar 

I 

•   •   •   • 

31.52 

29.73 

3.83 

2 

53.86 

5.05 

53.00 

5.21 

51.56         5.05 

52.93 

5.21 

3 

C4.48 

6.20 

59.40 

5.68 

57.26         5.02 

51.68 

4.49 

4 

59.40 

4.39 

55.44 

4.85 

57.55         5.28 

50.56 

4.65 

5 

64.28 

6.53 

59.70 

6.01 

1  62.96         6.47 

58.81 

6.01 

6 

42.80 

5.05 

43.07- 

5.21 

49.24         6.04 

42.80 

4.92 

Avg. 

56.96 

5.44 

50.36 

5.18 

55.71         5.57 

1 

47.75 

4 .  85 

While  the  general  average  shows  a  distinct  gain  in  cane  and 
sugar,  due  to  molasses,  there  are  not  wanting  specific  instances 
where  molasses  produced  the  contrary  of  good  results-  Better  re- 
sults were  obtained  when  the  molasses  was  placed  in  the  furrow 
and  worked  into  the  soil,  about  six  weeks  previous  to  the  planting, 
than  when  poured  onto  the  ridges.  The  tests  in  the  first  series, 
with  molasses  both  in  the  furrow  and  on  the  ridges,  received 
twice  as  much  of  that  material  as  those  in  the  second  and  third 
series,  but  show  in  the  average  but  a  slight  increase  in  the  weight 
of  cane  and  a  loss  in  sugar  when  compared  with  the  third  series. 
The  larger  applications  of  molasses  had  a  tendency  to  make  the 
cane  lodge,  reducing  the  sucrose  content  of  the  cane  and  causing 
more  dead  canes  than  with  the  lighter  applications. 

The  general  conclusions  of  the  author  are  as  follows : — 

**A  fertilization  with  molasses  can  be  recommended  on  the 
light  soils  of  Java.    For  heavy  soils,  further  trials  are  necessary. 

"There  are  several  possibilities  as  to  the  cause  of  the  favor- 
able action  of  molasses.  To  soils  not  very  rich  in  potash,  this 
element  will  be  supplied.  The  organic  matter  of  the  molasses  may 
hasten  the  growth  of  the  cane.  This  organic  matter  cannot,  how- 
ever, be  placed  on  a  par  with  that  resulting  from  the  decay  of 
vegetable  matter;  it  is  almost  exclusively  in  the  form  of  sugars, 
which  ferment  and  disappear  very  quickly  in  the  soil,  w^ithout 
leaving  anything  behind  which  can  be  compared  with  humus.  It 
may  be  that  the  decomposition  products  of  the  molasses  exert 
a  solvent  action  on  the  soil  elements,  making  a  greater  amount  of 
nutrients  available  to  the  plant.  This  possibility  is  based  on  the 
opinion  of  many  planters  that  a  molasses  treatment  makes  the 
subsoil  more  friable  and  more  easilv  worked.  ( )r,  finally,  the  nitro- 
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gen  in  the  molasses  (about  0.2  to  0.3  i)cr  cent.)  has  a  valuable  in- 
Huence,  but  not  sufficient  to  account  entirely  for  the  increase  in 
cro])-  It  is  possible  that  all  these  influences  are  working  to- 
gether to  produce  a  favorable  result. 

"The  molasses  in  the  natural  fluid  state  is  not  conveniently 
handled.  Mixing  with  press  cake,  furnace  ashes,  etc.,  helps  but 
little,  since  these  materials  absorb  too  small  an  amount ;  while  ba- 
gasse, which  would  absorb  considerable  quantities,  is  but  seldom 
available  in  sufficient  quantities.  It  is  still  a  question  to  be  decided 
whether  it  will  pay  to  evaporate  the  molasses  to  dryness  and  grind 
up  the  product  so  obtained." 

Aside  from  the  above  experiments,  we  have  not  found  any 
further  reference  in  the  literature  at  our  disposal  to  the  effect  of 
molasses  as  a  fertilizer  for  cane.  In  the  sole  instance  where  mo- 
lasses was  applied  to  the  growing  cane,  disastrous  consequences 
followed.  It  is  not  an  unusual  custom  in  these  Islands,  where 
the  mill  is  conveniently  situated,  to  run  tiie  waste  molasses  into 
ditches  from  which  it  is  carried  in  the  water  intended  for  irrigat- 
ing fields  lying  below  the  mill.  It  is  pertinent  to  inquire  if  the 
cflFects  of  such  applications  of  molasses  to  fields  under  cane  and 
receiving  liberal  additions  of  nitrogenous  fertilizer  would  result  to 
the  same  advantage  of  the  cane  crop  as  where  molasses  is  dis- 
tributed on  fields  lying  fallow  or  where  a  considerable  interval  of 
time  elapses  between  the  molasses  application  and  the  planting  of 
the  seed  cane. 

The  soil  is  a  complex  of  many  micro-organisms,  diflferent 
races  of  which  are  variously  influenced  by  any  amendment  which 
may  be  made  to  the  character  of  the  soil.  Four  predominating 
transformations  of  the  nitrogenous  bodies  in  the  soil  are  con- 
stantly occurring,  ammonification,  nitrification,  nitrogen  fixation, 
and  denitrification.  The  first  three,  from  an  agricultural  stand- 
point, may  be  termed  constructive,  the  last  is  destructive.  All 
are  due  to  definite  organisms,  a  large  number  of  which  have  been 
isolated  and  described,  and  their  nature  studied  in  pure  culture. 
It  has  been  found  that  the  presence  of  carbohydrates  exerts  a 
distinct  influence  on  their  respective  actions.  Lipman  ^  found 
that  dextrose  depressed  ammonification  of  peptone  very  consider- 
ably- Later  experiments  by  the  same  author  and  Brown  '^con 
firmed  their  previous  observations.  Ammonification  of  the  nitro- 
gen from  cotton-seed  meal  was  affected  similarly,  but  the  effect  on 
nitrogen  supplied  as  blood  was  not  so  marked. 
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The  process  of  converting  the  ammonia  nitrogen  into  nitrate 
nitrogen  is  considerably  affected  by  the  presence  of  carbohydrates. 
In  the  early  eras  of  nitrification  tests,  it  was  usually  accepted, 
following  the  results  of  Winogradsy  and  Omelianski,  *  *  that 
soluble  organic  matter  inhibited  nitrification.  Later  researches 
have  demonstrated  that  nitrification  can  proceed  vigorously  in  the 
soil  in  the  presence  of  large  quantities  of  such  organic  matter  as 
that  of  peptone,  cottonseed  meal,  or  cow  manure.  ^  '^  But  whether 
the  continued  application  of  the  more  easily  decomposable  carbo- 
hydrates would  have  a  similar  effect  has  not  received  the  same 
amount  of  attention. 

In  1907,  A.  Koch  reported  results  of  experiments  where  thq 
influence  of  the  addition  of  sugars  to  the  soils  was  studied.  *  ^ 
He  observed  harmful  effects  of  sugar  on  cultivated  plants,  but 
beneficial  effects  when  the  application  of  the  sugar  preceded  the 
sowing  of  the  seed  by  about  four  months.  The  activity  of  the 
nitrogen  fixing  organisms  was  stimulated,  amounting  to  a  fixation 
of  about  8  or  10  milligrams  of  nitrogen  per  gram  of  sugar.  A 
single  application  of  the  sugar  produced  the  best  results,  but  large 
quantities  seemed  to  injure  the  activity  of  the  organisms.  It  was 
found  that  molasses  caused  a  diminution  of  the  nitrogen  in  the 
soil. 

EXPERIMENTAL  WORK. 

P^or  the  purpose  of  studying  the  effects  of  carbohydrates  un 
the  various  transformations  of  nitrogenous  fertilizers,  soil  samples' 
from  three  different  parts  of  a  plantation  growing  cane  under  irri- 
gation were  procured.  The  condition  of  the  fields  at  the  time  of 
taking  the  samples  was  as  follows : 

1-  Young  plant  cane  standing  about  two  feet  high.  This  field 
had  just  received  a  dressing  of  sulphate  of  ammonia.  The  sample 
was  taken  from  the  top  of  the  furrow,  avoiding  as  far  as  possible 
any  contamination  by  the  applied  fertilizer. 

2.  Soil  taken  from  the  outside  edg^  of  a  field  of  mature  cane, 
from  the  bottom  of  a  furrow. 

3.  Soil  taken  in  the  middle  of  a  field  of  mature  cane,  from  the 
bottom  of  a  furrow.  The  soil  was  naturally  heavily  shaded  by  the 
growing  cane  and  not  as  freely  exposed  to  the  air  as  with  number 
2. 

The  analyses  of  these  soils  were  as  follows : 
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AGRICULTURAL  ANALYSIS. 

1  2  3 

Volatile  matter   12.30  13.02  11 .29 

Insoluble  residue    ....     14.28  27.00  26.42 

Soluble  silica 26.22  14.26  15.28 

Potash 30  .18  .22 

Soda 49  .34  .29 

Lime 54  .41  .44 

Magnesia 72  .60  .70 

Ferric  oxide  18.21  22.50  21 .46 

Aluminic  oxide    26 .  44  20 .  90  22 .  89 

Phosphoric  acid .38  .37  .38 

Sulphuric  acid .18  .08  .11 

Chlorine 01  .01  .01 

Nitrogen 09  .06  .044 

MECHANICAL  ANALYSIS. 

1  2  3 

Loss  on  ignition  21.06  18.82  18.01 

Coarse   grits    .15  2 .  06  .42 

Fine  grits   .62  .42  .75 

Coarse   sand    .48  .78  .52 

Medium  sand    1.12  1.82  1.31 

Fine  sand 12.16  12.26  11.02 

Coarse  silt   18.43  19.65  22.65 

iMuc  silf   34.77  28.55  29.11 

Clayt    11.21  16.64  16.21 

Trueclayt 1.86  3.08  3.20 

SOLUBLE  IN  WATER. 

Parts  per  100,000,  or  milligrams  per  100  grams  dry  soil. 

1  2  3 

Lime   3.752  4.802  2.702 

Potash   2.952  4.290  3.169 

Phosphoric  acid   1.457  1.210  1.120 

Solium  bicarbonate   .  .     8.580  15.470  12.220 

Sodium  chloride  13.750  20.950  8.000 

Total  mineral  matter..   53.750  50.230  34.980 

Nitrogen,  ammonia    ..     5.17  3.90  4.64 

Nitrogen,  nitrite 024  .024  .024 

Nitrogen,  nitrate    ....     4.00  .300  .260 

♦By  difference. 
tSedimented  24  hours. 
ISedimented  7  days. 
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The  earliest  method  of  soil  bacteriological  examination  rested 
on  the  number  of  organisms  in  a  given  weight  of  soil.  Imme- 
diately on  receipt  at  this  laboratory,  the  three  soils  were  tested 
for  their  bacterial  count.  The  results  in  number  of  organisms 
per  gram  of  dry  soil  growing  in  four  days  on  the  dextrose-pep- 
tone-agar  medium  described  by  Lipman  were: — 

Soil  1   36,000,000 

Soil  2  12,000,000 

Soil  3  18,000,000 

The  addition  of  dextrose  to  a  soil  has  been  shown  by  Lipman  ^  ^ 
to  produce  an  enormous  increase  in  the  number  of  bacteria  grow- 
ing on  dextrose-peptone-agar,  but  this  increase  bore  no  relation  to 
the  ammonification  power  of  the  soils  as  measured  in  peptone  so- 
lution or  in  the  soils  themselves ;  nitrification,  however,  was  mark- 
edly checked  in  the  soils  receiving  dextrose. 

Two  methods  of  observing  the  action  of  the  ammonifying, 
nitrifying,  and  denitrifying  organisms  are  possible ;  one  by  inocu- 
lating with  a  definite  amount  of  soil  into  solutions  containing  the 
nitrogen  in  a  definite  form  and  mineral  nutrients,  or  by  supplying 
the  nitrogen  combination  to  the  soil  itself  supplied  with  the  neces- 
sary moisture  content.  The  former  does  not  reflect  field  condi- 
tions, and  in  the  hands  of  many  investigators  has  failed  to  give  re- 
sults corresponding  to  actual  field  tests.  In  the  experiments 
which  follow,  both  methods  were  used ;  it  will  be  noticed  that  in 
the  solution  series  the  influence  of  the  added  sugars  was  far  more 
distinct  than  in  the  soil  series,  yet  the  general  order  of  results, 
with  but  few  exceptions,  is  the  same  in  both  instances.  In  the 
solution  tests,  100  cc.  of  the  solution  were  inoculated  with  the 
equivalent  of  10  grams  of  dry  soil ;  in  the  soil  tests,  the  equiv- 
alent of  200  grams  of  dry  soil  was  placed  in  a  beaker  with  a 
stirring  rod,  water  added  to  produce  two-thirds  saturation,  the 
necessary  nitrogen  compound  and  sugars  added,  and  the  beaker 
covered  with  filter  paper  securely  fastened  with  a  rubber  band. 
The  beaker  and  contents  were  weighed  and  when  the  experiment 
extended  over  several  weeks,  the  beaker  was  re-weighed  each 
week,  and  the  water  lost  by  evaporation  replaced.  Two-thirds 
saturation  was  adopted  as  the  optimum  moisture  content.  This 
was  the  average  saturation  of  the  soil  in  a  series  of  field  experi- 
ments concluded  at  this  Station  in  1903  ^*  for  the  months  of 
Febniary,  March,  and  April,  or  the  same  time  of  the  year  at  which 
the  investigations  recorded  here  were  carried  on,  where  the  cane 
received  three  inches  of  water  per  week  and  produced  the  largest 
yields.      The  tests  were  conducted  in  beakers  instead  of  Erlen- 
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nieyer  flasks,  since  in  the  latter,  unless  a  very  large  container  is 
used,  there  is  not  much  of  the  surface  of  the  soil  exposed  to  the 
air,  a  condition  essential  for  good  bacterial  action.  The  incuba- 
tion was  carried  on  in  a  hole  sunk  in  the  ground  to  a  depth  of 
six  feet  and  securely  boarded  in.  The  cultures  were  therefore 
always  in  the  dark  and  at  an  equable  temperature  approaching 
that  of  the  surrounding  soil.  The  temperature  variations  were 
never  greater  than  one  degree  centrigrade  between  day  and  night, 
and  varied  from  a  minimum  of  21°  C  in  February  to  a  maximum 
of  24°  C.  in  April.  One  series  in  each  experiment  received  an 
addition  of  0.5  gram  dextrose  to  each  100  cc.  of  solution  or  200 
grams  of  soil ;  a  second  series  received  0.2  gram  molasses  to  the 
same  quantities  of  solution  or  soil.  The  composition  of  this  mo- 
lasses was :  sucrose,  42  per  cent ;  invert  sugar,  1 1 .9  per  cent : 
potash,  5.3  per  cent;  nitrogen,  0.26  per  cent.  A  third  series 
received  no  addition  of  carbohydrate,  and  served  as  a  check. 

TEST  1. 

Ammonification  in  Solution. 

Ammonification  is  the  first  process  in  the  transformation  of  or- 
ganic forms  of  nitrogen  into  a  form  available  to  the  growing 
crop.  It  implies  the  change  of  the  nitrogen  of  such  materials  as 
blood,  hoofmeal,  tankage,  fishcrap,  and  also  the  humus  nitrogen  of 
the  soil,  to  a  condition  whence  it  may  be  further  changed  into  the 
form  of  nitric  nitrogen.  The  material  used  in  this  test  was  pep- 
tone, a  mixture  of  cleavage  products  obtained  from  proteids,  and 
selected  because  of  its  ready  solubility  in  water  and  not  being 
coagulated  when  subjected  to  the  temperature  necessary  for  steril- 
ization. A  one  per  cent  solution  was  used,  100  cc.  being  placed 
in  cotton-plugged  Erlenmeyer  flasks  and  sterilized  in  an  autoclave. 
After  seeding  with  10  grams  of  soil,  the  cultures  were  placed  in 
the  underground  cupboard  and  incubated  six  days. 

The  results  of  this  test  are: — 

Ammonia  Nitrogen,  Milligrams  per  100  cc. 

Nothing.  0.2  Molasses.  0.5  Dextrose 

Soil  1    105.56  93.52  31.08 

Soil  2  102.76  96.32  38.64 

Soil  3  90.02  77.42  28.00 

Average    99.45  89.09  32.57 
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TEST  11. 

Ammonification  in  Soil, 

To  200  grams  dry  soil,  two-thirds  saturated,  100  milligrams 
of  nitrogen  as  peptone  were  added  and  thoroughly  admixed,  dex- 
trose and  molasses  added  to  two  lots,  and  allowed  to  stand  22 
days.  In  the  soil,  the  competing  action  of  the  various  organisms 
does  not  allow  such  definite  results  as  in  the  solution;  and  it  is 
necessary,  in  order  to  understand  somewhat  of  the  transforma- 
tions occurring,  to  take  into  account  in  addition  to  ammonia 
nitrogen,  the  nitric  nitrogen  formed  by  the  action  of  the  nitrify- 
ing organisms  on  the  ammonia  previously  elaborated  by  the 
ammonifiers. 

Nitrogen,  Milligrams. 


Ammonia.  Nitric.  •      Ammonia  &  Nitric. 

Notli-  Molas-  Dex-    Noth-  Molas-    Dex-     Noth-  Molas-    Dex- 
ing.        ses.      trose.i     ing.       ses.       trose.      ing.        ses.     trose. 


Soil     1... 

2.37 

1.51 

66.43 

63.60 

60.48 

68.80 

63.50 

61.99 

Soil     2... 

3.02 

1.51 

4.54 

64.98 

59.73 

54.43 

68.00 

61.24 

58.97 

Soil     3... 

15.10 

19.39 

14.36 

37.06 

26.33 

31.00 

52.16 

46.12 

45.36 

Average 

6.83 

6.97 

6.80 

56.16 

49.85 

48.64 

62.99 

56.95 

55.44 

The  effect  of  the  added  carbohydrates  on  the  ammonification 
of  peptone  in  solution  is  very  evident,  a  half  gram  of  dextrose 
reducing  the  action  two-thirds ;  and  molas.ses,  representing  about 
a  tenth  of  a  gram  sucrose  and  invert  sugar,  producing  an  approx- 
imately proportional  eflPect.  In  the  soil,  the  diflferences  are  not  so 
marked,  but  the  general  order  is  about  the  same ;  there  is  in  the 
combined  ammonia  and  nitric  nitrogen  content  a  regular  drop  ac- 
companying the  increased  carbohydrate  content.  This  table  illus- 
trates the  need,  as  has  already  been  mentioned,  of  determining 
both  the  nitrate  and  ammonia  nitrogen  in  the  soils,  more  especi- 
ally when  the  duration  of  the  experiment  is  more  than  a  very  few 
days. 

DenitriH  cation. 

The  reduction  of  nitrates  by  the  action  of  bacteria  in  sewage 
was  first  observed  by  Dr.  Angus  Smith  in  1867.  *  ^  Previous  to 
this,  in  1862,  Goppelsroder  ^  reported  a  reduction  of  nitrates  in 
the  soil.  This  fact  was  confirmed  later  by  Schloesing,  who  also 
found  that  soil  when  heated  to  lOO*"  lost  this  facultv.    The  defi- 
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nite  knowledge  of  the  actions  of  the  denitrifying  bacteria  dates 
from  the  pubHcation  of  the  results  of  Gayon  and  Dupetit  in  1882.  ^ 
They  succeeded  in  isolating  two  organisms  which  were  able  to 
reduce  nitrates  with  the  evolution  of  free  nitrogen,  and  others 
which  could  reduce  nitrates  to  nitrites.  Jensen  *  ^  showed  that 
certain  races  of  denitrifying  organisms  would  grow  under  aerobic 
conditions,  and  that  in  the  absence  of  carbon  compounds,  no  de- 
nitrification   takes   place. 

TEST  III. 

Dcnitriijcaiion    in   Solution. 

The  bacteria  eflfecting  the  reduction  of  nitric  nitrogen  may 
cause  an  actual  loss  of  nitrogen  by  converting  the  nitrate  nitro- 
gen into  gaseous  nitrogen  or  nitrogen  compounds ;  or  an  apparent 
loss  by  changing  the  nitrate  nitrogen  into  ammonia,  nitrite,  amido, 
or  insoluble  albumenoid  forms.  Whilst  the  first  is  the  most  serious 
of  these  phenomena,  the  others  are  none  the  less  of  much  import- 
tance,  inasmuch  as  they  withdraw  from  the  nutrition  of  the  plant 
nitrogen  which  may  have  been  applied  with  the  intention  of  im- 
mediate availability..  The  action  of  these  organisms  depends 
largely  on*  the  presence  of  sufficient  organic  matter  to  supply  them 
with  Energy.  The  straw  of  fresh  manure  will  furnish  such  a 
supply,  this  explaining  the  fact  that  frequently  when  applied  alone, 
and  usually  when  applied  along  with  nitrate  of  soda,  fresh  manure 
has  a  deleterious  action  on  crop  growth.  Carbohydrates,  such  as 
the  sugars  and  starch,  work  in  this  direction  more  energetically, 
and  the  injurious  eflfect  is  still  more  pronounced  in  poorly  drained 
and  wet  soils.  One  of  the  products  of  the  denitrifying  action  of 
these  organisms  working  on  nitrates  of  soda  or  potash  in  the  pre- 
sence of  a  carbohydrate,  is  the  bicarbonate  or  carbonate  of  the 
alkali.  Various  reactions  have  been  suggested,  three  of  which 
are  given  here;  in  the  first  two  the  carbohydrate  source  is  citric 
acid  or  citrate  of  soda,  in  the  third  it  is  glucose. 

sC^HgO,  -\-  iSNaNOg  =  18N+  iSNaHCO^-j- iiHgO-j-  12CO2. 
5CeH5Na30,  +  i8NaN03  +  H20=i8N+27NaHC03-H3Na2  CO3. 
5CgHi,Oj,-|-24NaN03  =  24N -|- 24NaHC03  +  i8H,0 -j- 6CO.^. 

There  would  result,  tlien,  in  addition  to  the  loss  of  nitrogen, 
a  production  of  alkaline  carbonates  or  bicarbonates,  which  by  de- 
flocculating  the  soil  particles  would  produce  a  poorly  drained, 
clayey  state  of  the  soil,  in  which  condition  the  beneficial  nitrifying 
organisms  are  inhibited  in  their  action  and  that  of  the  denitrifying 
bacteria  further  encouraged.  The  solution  in  which  this  trans- 
formation is  usually  studied  is  that  of  Giltay,  where  the  nitrogen 
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is  in  the  form  of  nitrate  of  potash  and  the  carbohydrate  element 
is  supplied  as  citrate  of  soda.  PreHminary  experiments  showed 
that  when  10  grams  of  dry  soil  were  added  to  100  cc.  of  this 
solution,  the  nitrate  was  entirely  destroyed  in  three  days.  The  fol- 
lowing results  are  from  analyses  made  two  days  after  inoculation. 
The  original  solution  contained  28.84  milligrams  nitric  nitrogen 
per  100  cc. 

Milligrams  Nitric  Nitrogen  per  100  cc. 

Nothing.        Molasses.      Dextrose. 

Soil  1   19.60  13.44  10.36 

Soil  2  19.97  15.50  14.67 

Soil  3  20.36  16.24  14.56 

Average 19.98  15.06  13.20 

These  tests  show  that  by  increasing  the  amount  of  carbo- 
hydrate in  the  solution,  an  accelerated  action  resulted.  Another 
series  was  started  in  which  the  citrate  of  soda  of  the  Giltay  solu- 
tion was  replaced  by  dextrose,  sucrose,  and  molasses,  in  correct 
amounts  to  make  the  carbon  content  of  the  solutions  identical  with 
that  of  the  Giltay.  Two  further  tests  were  made,  one  with  a  solu- 
tion without  carbohydrates,  but  with  the  mineral  nutrients  as 
given  in  Giltay 's  formula,  and  one  with  a  strong  soil  extract  to 
which  nitrate  of  soda  was  added,  but  no  minerals  or  carbohydrate. 
All  solutions  were,  after  proper  sterilization,  inoculated  with  the 
equivalent  of  10  grams  of  dry  soil,  number  3. 

Milligrams  per  100  cc. 

^.  Nitrate  Nitrate  ,    Ammonia 

L  V.    K  u  ^«  *^  Nitrogen  Nitrogen  '     Nitrogen 

Days.     Carbohydrate.^  original.  Found.  Found. 

21  0  28.74  28.34  ^  0 

21  Dextrose  "  0  4.76 

21  Sucrose  "  0  I       5.18 

21  Molasses  "  0  5.60 

5  Dextrose  "  0  4.3 

5  Sucrose  "  0  3.9 

5  Molasses  "  0  5.1 


The  soil  extract  was  supplied  with  nitrogen  as  nitrate  of  soda 
to  the  extent  of  46.76  milligrams  per  100  cc. ;  whilst  the  soil  ex- 
tract itself  contained  5.6  milligrams  of  ammonia  nitrogen  in  100 
cc,  or  a  total  of  52.36  milligrams.  After  ten  days  the  solution 
contained  51.52  milligrams  of  nitric  nitrogen  per  100  cc.  and  a 
trace  of  ammonia. 
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These  results  show  that  in  the  absence  of  carbohydrates  the 
denitrifying  organisms  do  not  functionate ;  that  the  organic  mat- 
ter dissolved  from  this  soil  by  water  cannot  supply  the  necessary 
energy ;  and  that  in  the  presence  of  dextrose,  sucro«?e,  or  both  as 
combined  in  molasses,  sufficient  energy  is  provided  to  entirely 
destroy  the  last  trace  of  nitrate  in  five  days. 

TEST  IV. 
Dcnitrifi cation  in  Soil. 

To  200  grams  of  dry  soil,  117  milligrams  of  nitrogen  in  the 
form  of  sodium  nitrate  were  added,  with  water  sufficient  for  two- 
thirds  saturation  and  the  usual  amounts  of  dextrose  and  mo- 
lasses.  After  six  days,  analysis  gave  the  following  results : 

Milligrams,  Nitrogen. 


1 

Nitric. 

Ammoni 

a. 

Nitric  &  Ammonia. 

1 

Noth- 

Molas- 

Dex- 

Noth- 

Molas- 

Dex- 

1 
Noth-  iMolas- 

Dex- 

ing. 

ses. 
111.7 

trose. 

ing. 

ses. 

trose. 

ing.  !     ses. 

trose. 

Soil 

1... 

113.9 

99.6 

1.5 

0 

4.5 

115.4 

1 
111.7    ' 104.1 

Soil 

2... 

|l08.0 

96.6 

74.8 

.7 

0 

.7 

108.7        96.6    1    75.5 

Soil 

Oft  ft    • 

99.6 

95.8 

86.8 

.8 

0.8 

3.0 

100.4        96.6        89.8 

Averagre 

107.2 

101.4 

87.1 

1.0 

0.3 

2.7 

108.2  <  101.6        89.8 

t 

The  alkalinity  of  these  soils  calculated  to  parts  of  bicarbonate 
of  soda  per  100,000  of  soil  was: — 

Nothing.     Molasses.     Dextrose. 

Soil  1    31.7  44.9  54.3 

Soil  2  27.1  44.9  58.9 

Soil  3  27.1  36.2  44.9 

The  loss  of  nitrogen  and  amount  of  alkalinity  increased  regu- 
larly with  the  greater  amount  of  carbohydrate  present;  but  the 
diflference,  while  definite,  were  not  very  great.  Thinking  that  a 
greater  interval  of  time  would  produce  a  more  pronounced  eflfect, 
soil  2  was  treated  in  a  manner  similar  to  the  above,  but  allowed 
to  stand  48  days,  the  water  lost  by  evaporation  being  replaced  at 
weekly  intervals,  with  the  following  results. 
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Milligrams,  Nitrogen. 

Nitric  and 
Nitric.  Ammonia.         Ammonia. 

Nothing    ..- 98.28  3.02  101.30 

Molasses    92.17  3.02  95.25 

Dextrose    90.72  3.02  93.74 

It  was  evident  that  the  time  factor  had  no  decided  influence. 
A  third  series  was  accordingly  started,  the  soils  being  allowed  to 
stand  four  weeks,  at  the  end  of  each  weekly  period  replacing  the 
water  lost  by  evaporation  and  also  in  the  molasses  and  dextrose 
lots,  supplying  these  elements  anew  in  amounts  equal  to  that  first 
applied,  viz.,  .2  and  .5  gram  respectively.  The  nitrogen  added  as 
nitrate  amounted  to  48.5  milligrams. 


1 

—  —  - 



—    -  -  — 

- 

- 1 

Nitric. 

Ammonia. 

Nitric  &  Ammonia. 

Noth- 

Molas- 

Dex- 

Noth- 

Molas-1 Dex- 

Noth-  Molas-    Dex- 

ing. 

ses. 

trose. 

ing. 

ses. 

trose. 

ing.        ses.     trose. 

Soil     1... 

57.29 

35.15 

2.92 

1.56 

.78 

1.56 

58.85      35.93   '     4.48 

Soil     2... 

50.51 

16.55 

2.92 

1.56 

1.56        1.56 

52.07      18.11   1     4.48 

Soil     3... 

49.80 

16.57 

2.92 

1.56 

.78        1.56 

51.36      17.35   1     4.48 

Average 

52.53 

22.76 

2.92 

1.56 

1.04 

1.56 

54.09      23.80        4.48 

It  will  be  noticed  that  in  the  nothing  series  there  was  more 
nitric  nitrogen  present  at  the  end  of  the  experiment  than  was 
supplied  as  nitrate  of  soda.  This  is  undoubtedly  due  to  the  am- 
monification  and  subsequent  nitrification  of  the  organic  matter  in 
the  soil  produced  by  favorable  moisture  and  temperature  condi- 
tions during  the  time  of  the  experiment;  where  dextrose  was 
added  a  profound  effect  resulted.  Of  48.5  parts  of  nitrogen  sup- 
plied as  nitrate,  only  2.92  parts  remain  as  such,  equivalent  to  a 
disappearance  of  94  per  cent.  A  small  part  of  this  nitrogen  is 
retained  in  the  form  of  ammonia  compound,  and  an  unknown 
amount  in  the  form  of  insoluble  albumenoid  form.  With  molasses, 
containing  only  about  a  fifth  as  much  carbohydrate,  the  disap- 
l)earance  of  nitrate  nitrogen  was  much  less,  but  equally  distinct, 
the  average  loss  of  the  three  soils  being  53  per  cent.  This,  as 
with  the  dextrose,  does  not  represent  a  total  loss  of  nitrogen,  but 
it  shows  the  quantity  of  immediately  available  nitrogen  removed 
from  the  growing  crop.  It  represents,  to  a  considerably  exagger- 
ated extent,  what  conditions  are  obtaining  in  an  irrigated  planta- 
tion where  dressings  of  nitrate  of  soda  are  applied,  perhaps  in  the 
irrigation  waters,  and  the  waste  molasses  allowed  to  run  at  inter- 
vals into  the  water  supply  to  these  fields. 
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The  theory  of  denitrification  according  to  Stoklasa  and 
Vitek  ^  "^  is  that  **one  class  of  organisms,  the  ammonifiers,  Hberate 
free  hydrogen  from  the  organic  nutrient,  and  reduce  nitrate  to 
nitrite.  This  is  then  reduced  to  ammonia  by  the  alcohol  which  is 
produced  in  the  anaerobic  fermentation  process,  according  to  the 
formula 


C2H5OH  +  N2O3  =  2CO.,  -f-  2NH 


8* 


**The  dcnitriiicrs  act  much  more  intensely  upon  the  reduced 
nitrate  solution,  the  theory  being  that  the  alcohol  reduces  twice 
as  much  nitrite  as  in  ammonification,  with  the  evolution  of  free 
nitrogen,  thus: 

C2H5OH  -h  2N.^Ojj  =  2CO2  +  4N  +  3H2O. 

**The  authors  show  from  their  experiments  that  the  pentose- 
carbo-hydrates,  xylan,  and  araban  are  very  poor  sources  of  en- 
ergy for  denitrification  processes,  but  favor  that  of  ammonifica- 
tion ;  and  since  these  pentosans  are  exceedingly  prevalent  in  soils 
and  stable  manure,  they  conclude  that  natural  conditions  in  fields 
fertilized  with  nitrates  favor  ammonification  rather  than  denitrifi- 
cation." When  the  carbohydrate  supplied  is  one  capable  of  ready 
fermentation  into  alcohol,  like  sucrose  and  glucose,  it  can  be  read- 
ily seen  that  this  theory  would  explain  an  actual  denitrification 
process,  or  loss  of  nitrogen,  rather  than  a  conversion  into  am- 
monia, a  loss  which  would  be  intensified  by  frequent  applications 
of  the  sugars  to  the  soil. 

A  series  of  tests  was  carried  on  in  Giltay  solutions  in  order  to 
determine  the  amount  of  nitrogen  which  had  actually  disapi>eared. 
Several  flasks  containing  100  cc.  of  solution  were  inoculated  with 
equal  amounts  of  a  suspension  of  soil  3  in  water.  The  amount 
of  nitrogen  thus  introduced  was  extremely  small  and  not  allowed 
for.  After  three  days,  the  solutions  gave  no  test  for  nitrates  with 
diphenylamine.  The  entire  contents  of  one  series  of  the  flasks 
were  digested  according  to  the  Kjeldahl  method  and  the  total 
nitrogen  determined ;  a  duplicate  series  was  distilled  with  calcined 
magnesia  for  ammonia  nitrogen  and  gave  quantities  varying  from 
a  trace  to  1.5  milligrams  of  nitrogen  as  ammonia  per  100  cc. 
These  quantities,  being  so  small,  are  included  in  the  nitrogen 
figures  in  the  following  table.    The  tests  were  started  on  May  19. 
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Nitrogen  present,  Nitrogen  lost.     Per  cent,  of 

Date.  Milligrams         Average.         Millign^ms  Nitrogen 

per  100  cc.  per  100  cc.  Lost. 


Afav 


** 


it 


** 


June 


19 

29.26 

19 

29.26 

23 

9.38 

23 

9.10 

25 

9.10 

25 

8.40 

27 

8.96 

27 

11.20 

31 

8.54 

31 

9.38 

4 

9.24 

4 

9.10 

3).  26 


9.24  20.02  68.4 


8.73  20.51  70.1 


10.08  19.18  65.5 


8.96  20.30  69.4 


9.17  20.m  68.7 


In  solution  with  citrate  of  soda  as  the  source  of  energy,  the 
denitrifying  organisms  cause  the  disappearance  of  all  the  nitrate 
nitrogen  and  an  actual  loss  of  68  per  cent  of  the  total  nitrogen 
present.    The  balance  is  left  mainly  as  albumenoid  nitrogen. 

According  to  Ampola  and  de  Grazia  ^  *  lime  nitrate  offers  more 
resistance  to  denitrifying  bacteria  than  sodium  nitrate.  This  point 
was  studied  in  a  series  of  three  experiments  with  soil  number  one, 
to  two  of  which  the  usual  quantities  of  dextrose  and  molasses 
were  added.  The  200  grams  of  dry  soil  were  given  115.5  milli- 
grams of  nitrogen  as  calcium  nitrate,  two-thirds  saturated  with 
water,  and  allowed  to  stand  two  weeks,  with  the  following  re- 
sults : 

Milligrams  Nitrogen. 

Nitric  and 
Nitric.       Ammonia.     Ammonia. 

Nothing    114.91  0  114.91 

0.5  Molasses   108.87  1.51  110.38 

0.5  Dextrose   86.19  1.51  87.70 

In  the  absence  of  added  carbohydrates,  there  was  no  loss  of 
nitrogen  from  this  material.  Molasses  and  dextrose  induced  de- 
nitrification  in  the  same  order  as  in  the  tests  with  nitrate  of 
sodium. 
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TEST  V. 


Nitrification  in  Solution. 

Whilst  aeration  is  thoroughly  understood  to  be  essential  as 
regards  nitrification  in  soils,  and  for  this  reason  nitrification  in 
solution  cannot  represent  successful  field  conditions,  nevertheless, 
for  the  purpose  of  this  investigation,  valuable  results  from  such 
tests  might  be  expected.  The  solution  used  was  that  of  Omelian- 
sky  containing  mineral  nutrients  and  41.9  milligrams  of  nitrogen 
as  ammonium  sulphate ;  to  these  solutions,  sterilized  as  those  with 
peptone,  about  half  a  gram  of  sterilized  calcium  carbonate  in 
suspension  was  added,  to  provide  the  conditions  necessary  for 
favorable  nitrification.  The  time  of  the  test  was  28  days;  10 
grams  of  soil  as  usual  were  employed  for  inoculation. 

Milligrams,  Nitrogen. 


Nitric. 

Ammonia. 

Nitric  &  Ammonia. 

Noth- 

Molas- 

Dex- 

Noth- Molas-  Dex- 

Noth- 

Molas-i   Dex- 

- 

ing. 

ses.    1 

trose. 

ing:.       868.       trose. 

ing:. 

ses.     trose. 

Soil     1... 

6.16 

3.36 

.98 

29.12      26.32      24.64 

35.28 

29.68      25.62 

Soil     2... 

7.42 

2.94 

.84 

27.16     25.90 

23.80 

34.58      28.84  !   24.64 

Soil     3... 

2.66 

2.24    , 

.56 

30.38 

27.44 

25.48  : 

33.04      29.68      26.04 

Ave  race 

5.41 

2.85 

.79 

28.89 

26.55      24.64 

34.30      29.40  '  25.43 

f 

1 

The  influence  of  carbohydrates  on  the  process  of  nitrification 
in  solution  is  very  evident,  the  extent  of  loss  increasing  with  the 
amount  present.  A  further  action  is  apparent  in  the  actual  loss 
of  nitrogen,  shown  by  the  quantities  of  nitric  and  ammonia  nitro- 
gen left.  This  is  most  probably  largely  caused  by  tlie  increased 
activity  of  the  denitrifying  organisms  introduced  with  the  soil 
inoculum,  due  to  the  presence  of  the  carbohydrates,  whereby 
some  of  the  nitrate  formed  by  the  nitrifying  or- 
ganisms is  changed  to  free  nitrogen  or  degraded  into  in- 
soluble forms.  This  last  property  is  possessed  not  only  by 
bacteria,  but  the  moulds  and  yeasts,  which  are  omnipresent  in 
soils,  also  withdraw  large  quantities  of  nitrogen  present  as  am- 
monia and  convert  it  into  insoluble  albumenoid  compounds. 
Rothe  ^**  has  shown  that  when  seeded  into  solutions  containing 
ammonium  sulphate,  lime  carbonate,  dextrose,  and  nutrients,  the 
common  moulds,  Penicillimn  glaiicum  and  Aspergillus  glaucus, 
can  convert  from  17  to  24  per  cent  of  the  nitrogen  into  albumenoid 
form,  of  which  about  one-quarter  is  soluble  in  water. 
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TEST  VI. 

Nitrification  in  Soil. 

Soils  with  and  without  molasses  and  dextrose,  two-thirds  sat- 
urated and  supplied  with  192  milligrams  of  nitrogen  as  ammo- 
nium sulphate,  gave  after  four  weeks  the  following  results : — 

Milligrams,  Nitrogen. 


Nitric. 


Ammonia. 


Nitric  &  Ammonia. 


Noth-  Molaa-    Dex- 
inf?.        ses.      trose. 


Noth- 


Soil  1... 
Soil  2... 
Soil  3... 
Average 


67.29 
90.00 
21.17 
59.49 


44.60  77.11 

83.16  87.69 

26.46  33.26 

51.41  66.02 


80.89 
59.70 

101.30 
80.63 


Molas*  Dex-     Noth-  Molas-    Dex- 
868.       trosel      ingr.        ses.  '  trose. 


83.92 
52.92 
98.28 
78.37 


68.04  148.18  128.52  145.15 
34.78  149.70  136.08  122.47 
90.72  122.47  124.74  123.98 
64.51  140.12  129.78  130.53 


These  results  in  no  wise  compared  with  the  solution  tests,  and 
lead  to  no  definite  conclusions.  The  differences  as  regards  nitri- 
fication were  apparently  in  favor  of  the  tests  receiving  dextrose, 
whilst  molasses  had  a  contrary  action.  These  tests  were  accord- 
ingly repeated,  the  water  being  replaced  as  before  at  weekly 
periods,  and  new  additions  of  molasses  and  dextrose  given  at  the 
same  time;  100.6  grams  of  nitrogen  as  ammonium  sulphate  were 
added  to  each  soil  at  the  beginning. 

Milligrams,  Nitrogen. 


Nitric. 

Ammonia. 

Nitric  &  Ammonia. 

Noth- 

Molas- 

Dex- 

Noth- 

Molas- 

Dex- 

Noth- Molas- i  Dex- 

ing:. 

ses. 

trose. 

ing:. 

ses. 

trose. 

ing.        ses.     trose. 

Soil     1... 

35.46 

11.32 

21.19 

40.75 

39.24      22.63 

76.21      50.56      43.82 

Soil     2... 

61.76 

47.54 

1 

9.76 

9.07 

3.02        1.56 

70.83      50.56      11.32 

Soil     3... 

31.70 

22.62 

14.34 

39.99 

31.70      23.39 

71.69      54.32      37.73 

Average 

42.97 

27.16 

15.10 

29.94 

24.65      15.86 

72.91      51.81      30.96 

_  —     -  ^ 

k> 

»_  —  — 

_     ^ 

__ . 

_  _  _ 

—  —  — _    _  _ 

As  with  the  tests  for  denitrifying  action,  these  experiments 
with  repeated  additions  of  the  carbohydrate  show  very  decided 
differences.  Also,  as  with  the  other  tests,  they  show  the  reactions 
possible  in  a  field  where  ammonium  sulphate  has  been  applied, 
either  in  mixed  fertilizer  or  as  special  dressing,  and  the  land  irri- 
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gated  at  the  usual  intervals  with  water  into  which  the  waste 
molasses  is  allowed  to  run.  In  these  tests,  where  42.7  per  cent  of 
the  nitrogen  added  as  ammonium  sulphate  was  found  as  nitrate, 
and  72.4  per  cent  as  ammonia  and  nitric  nitrogen,  the  addition  of 
molasses  reduced  the  recovery  to  26.4  and  51.4  per  cent  respect- 
ively. Not  only  was  there  less  immediately  available  nitrogen 
present,  but  there  was  an  actual  apparent  loss.  This  loss  is  called 
apparent,  as  part  of  that  not  accounted  for  is  in  the  form  of  in- 
soluble albumenoid  compounds ;  and  on  the  cessation  of  addition 
of  molasses  to  the  irrigation  water  and  disappearance  of  the 
sugars  already  supplied,  the  ammonifying  and  nitrifying  organ- 
isms will  function  normally  and  restore  this  nitrogen  to  an  avail- 
able form ;  always  providing,  however,  that  the  excessive  alkal- 
inity produced  by  the  denitrifying  organisms  has  not  placed  the 
soil  in  such  a  bad  condition  that,  in  the  absence  of  sufficient  aera- 
tion, the  beneficial  organisms  cannot  thrive  vigorously.  Such  a 
final  state  of  affairs  could  be  corrected  only,  after  the  removal  of 
the  crop,  by  tillage  and  drainage,  or  previously  by  the  addition  of 
suitable  soil  amendments. 

TEST  VII. 

Xitrogen  Fixatio  n . 

This  test  was  carried  out  only  in  solution.  Ten  grams  of  soil 
were  placed  in  glass  flasks  containing  200  cc.  of  a  1  1-2  per  cent, 
of  mannite  and  suitable  amounts  of  mineral  nutrients,  exclusive  of 
nitrogen.  In  other  words,  no  nitrogen  was  present  in  these  solu- 
tions save  that  contained  in  the  10  grams  of  soil  used  for  inocula- 
tion, which  was  determined  and  deducted  from  the  final  results. 
After  standing  10  and  12  days,  the  total  contents  of  the  flasks 
were  analyzed  for  nitrogen,  with  results  as  follows: 

Milligrams  Nitrogen  in  200  cc. 

Soil  1  Soil  2  Soil  .3 

10  Days   2^^A2  36.82  36.82 

12  Days   32.76  43.40  40.32 

Average    30.94  40.11  38.37 

Nitrogen  in  soil   7.42  5.18  3.r>4 

Nitrogen  fixed    23.52  34.93  34.93 

Nitrogen  fixed  p.  gram  mannite       7.8  11.6  11.6 

The  flasks  containing  these  tests  offered  a  large  surface  to 
the  air;  in  every  case  there  was  developed  the  brown  film  char- 
acteristic of  the  Azotohactcr  chroococcmn  of  Beijerinck;  plate 
cultures  on  mannite  agar  gave  the  same  colonies  as  are  described 
for  this  organism. 
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These  results  show  a  possible  benefit  to  be  derived  from  the 
application  of  molasses  to  such  soils  as  were  used  in  these  experi- 
ments. Such  beneficial  results  would  be  acquired,  however,  only 
when  the  molasses  is  applied  to  fallow  land,  or  at  least  to  the  soil 
some  time  previous  to  the  planting  of  the  cane.  In  such  cases 
there  could  be  exf)ected  an  increased  nitrogen  content  of  the  soil, 
manufactured  into  albumenoid  form  from  the  nitrogen  of  the  air 
by  these  nitrogen-fixing  bacteria,  a  form  easily  ammonified  and 
nitrified  by  the  proper  organisms  subsequently.  It  has  been  found 
that  these  nitrogen-fixing  species  do  not  function  well,  or  not  all, 
in  the  presence  of  a  sufficient  supply  of  available  nitrogen.  They 
then  prefer  to  use  the  food  already  prepared  for  them,  rather  than 
elaborate  their  own  supply.  It  is  only  when  deprived  of  such  a 
source  of  nourishment,  and  in  the  presence  of  a  proper  supply  of 
organic  matter  to  furnish  them  with  the  necessary  energy,  that 
they  look  to  the  abundant  nitrogen  of  the  air  and  fix  it  in  the  soil 
during  their  development.  It  is  therefore  easy  to  see  that  when 
molasses  is  placed  on  lands  to  which  artificial  nitrogenous  dress- 
ings are  supplied,  this  one  beneficial  property  of  the  sugars  in  the 
molasses  will  be  nullified. 

The  results  of  these  experiments  should  be  accepted  with  some 
reservations.  All  the  conditions  are  exaggerated  considerably 
over  those  which  exist  under  cultural  conditions  in  the  cane  fields. 
Nevertheless,  a  greater  or  less  part  of  these  changes  must  take 
place  when  molasses  are  applied  to  growing  crops.  It  is  of  course 
unfortunate  that  the  large  amounts  of  valuable  potash  and  nitro- 
gen combinations  contained  in  the  molasses  cannot  be  utilized  in 
the  convenient  and  economical  manner  of  discharging  it  into  the 
irrigation  water.  The  potash,  however,  can  be  largely  preserved 
when  the  molasses  is  burned,  and  the  results  of  trials  in  this  di- 
rection will  be  found  in  the  report  of  the  committee  on  the  utiliza- 
tion of  waste  products  presented  at  the  annual  meeting  of  the 
Hawaiian  Sugar  Planters'  Association  of  1909. 

Two  conclusions  only  can  be  reached  from  the  results  of  the 
above  experiments : — 

1.  Molasses  applied  at  intervals  on  land  on  which  cane  is 
growing  and  fertilizer  has  been  applied  will  work  harm  by  de- 
stroying nitrates  already  applied  or  by  preventing  the  formation 
of  nitrates  from  other  sources  of  nitrogen  supplied  in  the  fertilizer. 

2.  Molasses  applied  to  land  lying  fallow  or  at  an  interval  of 
several  weeks  prior  to  the  planting  of  the  crop  may  produce  bene- 
ficial results  by  providing  a  stimulus  to  the  nitrogen-fixing  bac- 
teria of  the  soil  and  thereby  adding  a  store  of  nitrogen  to  the  soil 
in  a  form  which  can  be  made  readily  available  to  the  crop  at  a 
later  date  by  the  other  organisms  in  the  soil. 
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Action  of  Bacteria  in  Soil  from  Different  Depths. 

The  number  of  the  soil  organisms  diminishes  constantly  but 
irregularly  as  the  samples  are  taken  to  greater  depths.  This  will 
depend  greatly  on  the  character  of  the  soil,  whether  open  and 
well-drained,  or  compact  and  poorly-drained.  Chester  **  found 
that  the  bacteria  occur  in  maximum  numbers  within  the  first  six 
inches  of  the  surface,  reaching  up  to  1,900,000  per  gram  of  dry 
soil,  and  undergoing  rapid  diminution  to  4,000  at  a  depth  of  two 
feet.  King-io  found  a  drop  from  14,500,000  per  cubic  centimeter  of 
soil  at  two  inches  to  2,500,000  at  a  depth  of  12  inches  in  a  soil 
which  was  not  disturbed,  but  when  stirred  to  a  depth  of  ten 
inches,  the  variation  was  from  7,300,000  to  5,300,000.  Where 
drainage  is  good,  and  water  is  supplied  at  regular  intervals  of 
irrigation,  there  would  be  a  tendency  for  the  bacteria  to  be  car- 
ried downward  to  a  considerable  depth.  The  conditions  of  aera- 
tion, moisture  content,  and  temperature  being  manifestly  different 
in  the  lower  zones  than  near  the  surface,  there  would  be  an  altera- 
tion in  the  bacterial  flora  thus  brought  down,  the  aerobic  suffering 
more  or  less  partial  extermination,  and  the  anaerobic  correspond- 
ingly receiving  an  impetus  to  multiplication. 

Four  soil  samples  were  taken  at  increasing  depths  of  one  foot 
each,  and  the  organisms  counted  in  the  respective  samples  after 
air-drying,  with  results  as  follows  > — 

Number  of  Organisms 
Depth.  l)er  Gram  Dry  Soil. 

1st  foot   8,000.000 

2d    "      5,000,000 

3d    "      5,000,000 

4th  "      1,000,000 

The  mechanical  analyses  were  as  follows: — 

1st  foot.     2d  foot.     3d  foot.  4th  foot. 

Loss  on  ignition 19.56  20.11  20.39  22.75 

Coarse   grits 12  .04  .00  .00 

Fine  grits 12  .03  .00  .07 

Coarse  sand 08  .06  .06  .07 

Medium  sand    .53  .21  .24  .25 

Fine  sand    7.81  8.30  7.30,  5.66 

Coarse  silt  14.94  13.86  11.38  11.44 

Fine  silf   40.72  41.95  45.05  40.28 

Clayt    16.12  15.44  15.58  19.48 

True  clayt   3.76  2.64  1.12  4.96 

♦By  difference. 

t24  hours  sedimentation. 

il  days  sedimentation. 
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The  nitrogen  contents  of  the  soil,  per  cent,  of  dry  soil,  was 
.092,   .065,  .040,  and  .041  per  cent,  respectively. 

Tests  were  carried  out  in  solutions  to  compare  the  relative 
actions  of  the  soils  on  different  nitrogenous  materials.  Ten 
grams  of  dry  soil  were  used  as  inoculum  in  all  instances. 

TEST  VIII. 

Anifnonification  in  Peptone  Solution  by  Soils  from  Different 

Depths. 


Depth. 


Time 
Days. 


Ammonia  Ammonia 

Nitrogen       Time        Nitrogen 
Milligrams.     Days.     Milligrams.       Average. 


1st    foot 
2d 
3d 
4th 


ti 


a 


6 
6 
6 
6 


93.24 
95.20 
83.58 
76.02 


7 
7 
7 
7 


102.48 
92.96 
90.72 
90.36 


97.86 
94.08 
87.15 
83.19 


The  organism.s  transforming  the  organic  nitrogen  into  am- 
monia are  apparently  present  in  considerable  numbers  clown  to  a 
depth  of  four  feet,  but  in  decreasing  numbers  corresponding  to 
the  greater  depths. 

TEST  IX. 

Denitrification  in  Giltay  Solution  by  Soils  from  Different  Depths. 

The  solution  at  the  start  contained  23  milligrams  of  nitrogen 
from  potassium  nitrate  per  100  cc.  The  results  in  milligrams  of 
nitrogen  per  100  cc.  were : — 


Depth. 

Tfane 
Days. 

Nitrogen      j    Time         Nitrogen 
Milligram?.      Days.         Milligrams. 

1 

1  st    foot 
2d      " 
3d     " 
4th    " 

2 
2 
2 
2 

1.12*            3              1.54» 

1.68*       '3              1.12* 

2.24        '3        ,       1.12* 

21.84              3                .98* 

•No  nitrate  nitrogen;  figures  represent  ammonia  nitrogen. 

At  the  end  of  the  second  day,  the  two  lower  depths  still  gave  a 
test  for  nitrate  to  diphenylamine  sulphate,  which  disappeared 
after  standing  twenty-four  hours  more.  The  difference  in  rate  of 
denitrification  is  due  to  the  lesser  number  of  organisms  per  unit 
weight  in  the  two  lower  depths. 
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TEST  X. 

Nitrification  in  Omelianski  Solution  by  Soils  from  Different 

Depths. 

The  solution  contained  45.70  milligrams  of  nitrogen  from 
ammonium  sulphate  in  100  cc.  The  time  of  incubation  was  2S 
(lays. 


Milligrams  of  Nitrogen 

per  100  cc. 

Depth. 

Nitric  and 

Nitric. 

Ammonia. 

1                                                     1 

Ammonia. 

1st    foot    

7.56 

29.40 

36.% 

*i 

7.84 

'        29.40 

37.24 

Average    , 

7.70 

29.40 

37.10 

2(1  foot   

6.44 

29.12 

35.56 

6.44  29.40  35.84 

Average    6.44  29.26  35.70 

3(1  foot   4.48  31.36  35.84 

5.04       !        30.80  35.84 

Average    i  4.76  31.08  35.84 

4th   foot 5.04  30.24  35.28 

5.04  29.96  35.00 

Average    ^  5.04  30.10  35.14 

Nitrification  was  most  intense  from  the  first  foot  of  soil.  The 
second  foot  produced  a  lesser  amount  of  nitric  nitrogen,  and  a 
further  diminution  is  noticed  in  the  two  succeeding  layers,  which 
were  practically  the  same. 

TEST  XI. 

Nitro^i^en  fixation  in  Mannitc  Solution  by  Soils  from  Different 

Depths. 

Two  hundred  cubic  centimeters  of  solution  were  used  in  each 
case.  The  time  of  incubation  was  21  and  22  days;  10  grams  of 
air  dry  soil  were  used  for  inoculation. 
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Milligrams. 


Depth. 

Total 
Nitrogen. 

Nitrogen 
in 
Soil. 

Nitrogen 
Fixed, 

Nitrogen  Fixed 
per  Gram  of 
1       Mannite. 

1st  foot  . . .  . 

....       47.32 

1 

•     •    •     • 

....       45.22 

1 

Average    . . . 

....       46.27 

8.4 

37.87 

12.6 

2(1  foot 

....       45.96 

4* 

■      •     •      • 

....       44.80 

1 

Average    . . . 

....       45.38 

5.88 

39.50 

,           13.2 

3(1  ioot  . . . . 

....       41.58 

1 

■       •      •       • 

....       43.96 

• 

Average    . . . 

....       42.77 

3.64 

39.13 

13.0 

4th  foot 

....       42.44 

' 

•    •   •   • 

....       43.26 

Average    . . . 

...:     '42.85 

3.64 

39.21 

13.1 

There  was  practically  no  difference  between  the  soils  in  re- 
spect to  their  nitrogen-fixing  powers.  All  the  cultures  showed  the 
brown  film  characteristic  of  Azotohactcr  chroococcum.  In  the 
second  foot,  the  film  was  much  darker  and  the  (xlor  strongly 
putrefactive.  With  the  exception  of  this  depth,  all  solutions 
showed  protozoa,  both  parameciuni  and  amoeba,  in  great  number ; 
in  the  second  foot  the  number  was  limited.  The  significance  of 
these  organisms  will  be  referred  to  further  on. 

The  Effect  of  Certain  Fertilizing  Elements  of  tlw  Soil. 

The  soils  used  in  the  first  series  of  experiment  dried  to  a  hard 
dense  mass,  similar  in  every  respect  to  a  clay  soil.  Soil  No.  3 
was  treated  with  various  substances,  moistened  with  water,  and 
allowed  to  stand  a  month,  being  stirred  at  intervals  and  the  water 
lost  by  evaporation  replaced.  The  additions  made  were  as  fol- 
lows : — 

Xo.  1 — Nothing. 

No.  2 — 0.5  gram  gypsum  to  500  grams  soil. 

No.  3 — 0.5  gram  calcium  carbonate  to  500  grams  soil. 

No.  4 — 0.65  gram  sodium  nitrate  to  200  grams  soil. 

No.  5 — 0.5  gram  potassium  sulphate  to  500  grams  soil. 

No.  6 — 1  cc.  carbon  bisulphide  to  500  grams  soil. 

No.  7 — 0.5  gram  dextrose  to  200  grams  soil. 

No.  8 — 1.0  gram  molasses  to  500  grams  soil. 

No.  9 — 0.5  gram  double  superphosphate  to  500  grams  soil. 
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At  the  end  of  the  month,  the  soils  were  air  dried,  and  their 
mechanical  conditions  noted.  Soils  1  and  7  were  heavy  and  sticky 
when  wet.  drying  to  hard,  compact  masses.  The  remainder  of 
the  soils  were  loose  and  granular  when  wet,  and  friable  and  easily 
pulverulent  when  dry.  The  amounts  of  material  added  were  con- 
siderably exaggerated  over  that  which  obtains  in  agricultural 
practice.  The  differences  in  mechanical  condition  were  very  ap- 
parent even  before  the  soils  were  dried  out. 

After  being  dried,  the  soils  were  analyzed  for  their  moisture 
and  nitrogen  content,  and  a  count  made  of  the  number  of  organ- 
isms in  each. 


Number. 

Organisms  per 
Grams  Dry  Soil. 

Total  Nitrogen, 
Milligrams  per  100 
Grams  of  Dry  Soil. 

1 

7,000,000 

56.0 

2 

4,000,000 

54.8 

3 

3,000,000 

55.2 

4 

1,480.000 

75.6 

4,000,000 

48.7 

6 

2,860,000 

52.0 

mm 

/ 

16,000,000 

59.2 

8 

18,000,000 

57.0 

9 

2,000,000 

56.7 

A  drop  in  bacterial  numbers  from  the  one  to  which  nothing 
was  added  is  observed  in  all  the  soils  with  the  exception  of  the  two 
to  which  dextrose  and  molasses  was  supplied,  where  the  number 
of  organisms  increased  over  two-fold.  The  soil  originally  con- 
tained 44  milligrams  of  nitrogen  per  100  grams  of  dry  soil,  so 
that  there  has  been  an  increase  of  this  element  in  the  soils  in  all 
cases  with  the  exception  of  number  4.  In  this  case  there  was 
added  as  nitrate  98  milligrams  of  nitrate  nitrogen  to  200  grams  of 
soil,  and  there  has  been  a  disappearance  of  17  milligrams  of  nitro- 
gen together  with  a  considerable  diminution  of  the  number  of 
organisms.  The  non-fixation  of  nitrogen  in  the  presence  of  nitrate 
agrees  with  results  obtained  by  Lipman  ^^  in  his  studies  of  the 
AzQiobactcr,  namely,  that  the  presence  of  nitrates  discourages  the 
fixation  of  atmospheric  nitrogen  by  those  organisms. 

Similar  tests  to  those  already  reported  were  carried  on  with 
these  soils  in  solution,  10  grams  of  dry  soil  being  used  for  inocu- 
lation. 
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TEST  XII. 
Ammonification  in  Peptone  Solution. 


Milligrams  Nitrogen  as  Ammonia  in  100  cc. 

Number. 

6  days 

7  days 

Average 

1 

84.42 

96.18 

90.30 

2 

86.52 

100.38 

93.45 

3 

92.12 

97.58 

94.85 

4 

82.04 

89.74 

85.89 

5 

94.24 

109.36 

101.80 

6 

82.74 

94.64 

88.69 

7 

90.72 

96.00 

93.36 

8 

94.92 

108.64 

101.78 

9 

91.42 

101.64 

96.53 

The  addition  of  lime,  as  carbonate,  sulphate,  or  phosphate, 
stimulated  ammonification.  Nitrate  of  soda  and  carbon  bisulphide 
depressed  the  process.  Dextrose  had  a  slightly  beneficial  eflfect, 
but  was  considerably  surpassed  in  this  respect  by  molasses.  The 
addition  of  this  material  and  that  of  postassium  sulphate  pro- 
duced equally  favorable  results.  No  relation  can  be  discerned 
between  the  pumber  of  organisms  and  the  degree  of  ammonifica- 
tion, confirming  Lipman  and  Brown's  results  ^  ®  referring  to  the 
eflfect  of  dextrose  in  increasing  the  absolute  numbers  of  organisms 
in  a  soil,  but  not  die  relative  ammonifying  jwwer. 

TEST  XIII. 
Dcnitrification  in  Giltay  Solution. 

The  original  solution  contained  29.3  milligrams  nitric  nitrogen 
per  100  cc.  Results  reported  in  milligrams  nitric  nitrogen  per  100 
cc. 


Number. 

Two  Days. 

Three  Days. 

1 

8.22 

1.49 

2 

24.64 

1.32 

3 

24.08 

1.49 

4 

19.04 

1.87 

5 

16.94 

1.94 

6 

26.13 

13.16 

7 

14.36 

1.12 

8 

12.32 

1.68 

9 

22.76 

3.17 
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The  most  efficient  hindrance  to  denitrification  was  rendered 
by  carbon  bisulphide.  It  is  very  |x)ssible  that  the  denitrifying  or- 
ganisms were  those  that  were  principally  destroyed  by  the  action 
of  this  compound,  and  that  the  considerable  drop  in  numbers  is 
partly  explainable  by  the  partial  destruction  of  these  particular 
organisms.  This  suggestion  as  to  the  action  of  carbon  bisulphide 
is  made  tentatively,  and  would  require  further  and  more  precise 
research  before  it  could  be  offered  as  a  definite  conclusion.  All 
additions  to  the  soil  seemed  to  check  denitrification,  the  lime  salts 
to  the  greatest,  and  the  sugars  to  the  least  extent.  The  action  of 
the  sugars  is  apparently  contradictory  to  the  results  reported  in 
the  molasses  series :  but  it  must  be  remembered  that  the  sugars 
themselves  had  disappeared  long  before  the  end  of  the  month  dur- 
ing which  the  soils  were  standing.  The  increased  number  of 
organisms  was  not  the  denitrifying  organisms,  but  most  probably, 
as  will  be  seen  in  Test  XI\'.,  the  nitrogen  fixing  bacteria. 

It  has  been  suggested  that  volatile  antiseptics  placed  in  a  soil 
play  a  role  similar  to  that  of  sterilization;  ^^  many  of  the  de- 
nitrifying species,  being  spore  formers,  are  able  to  survive  this 
treatment,  and  upon  being  restored  to  favorable  conditions,  re- 
sume their  functions.  The  action  of  carbon  bisulphide,  however, 
has  received  other  interpretations,  and  the  result  of  this  experi- 
ment and  those  that  follow,  would  seem  to  indicate  that  the  dif- 
ferent organisms  did  not  suffer  destruction,  but  rather  a  readjust 
ment  of  the  numbers,  and  that  the  denitrifying  organisms  prin- 
cipally were  checked  in  their  development. 

TEST  XIV. 

Nitrification  in  Omelianski  Solution  containing  45.7  milli- 
grams of  nitrogen  from  ammoniinn  sulphate  in  100  cc.  Time,  2S 
and  29  days.    Average  of  two  determinations. 


Number. 

Nitric 

Amnion.  Nit. 
35.84 

Amnion.  &  Nitric. 

1 

4.76 

40.60 

2 

4.48 

36.40 

40.88 

3 

5.88 

35.28 

41 .  16 

4 

9.06 

35 .  56 

44.62 

5 

5.04 

35 .  56 

40.60 

6 

5.32 

35.56 

40.88 

7 

4.76 

35 .  28 

40.04 

8 

5.04 

34.72 

39.76 

9 

4.20        1 

36.12 

40.32 

1    . 

35 

The  nitric  nitrogen  added  in  number  4  shows  in  the  results  in 
this  table.  Corrected  for  the  amount  added,  there  were  approxi- 
mately 5.04  milligrams  formed.  Lime  carbonate  had  the  most 
favorable  action  and  superphosphate  the  least.  This  could  be 
reasonably  expected,  since  an  alkaline  soil  or  a  soil  treated  with 
lime  carbonate  acts  more  favorably  in  respect  to  nitrification  than 
an  acid  soil,  where  the  process  is  checked.  The  fact  that  gypsum 
produced  no  increase  in  nitrate  was  surprising,  since  this  material, 
in  field  practice,  undoubtedly  eflfects  good  results  in  this  regard. 
According  to  Pichard,  gypsum  up  to  0.5  per  cent,  accelerates  nitri- 
fication more  than  any  other  substance  known.  **^  It  is  possible 
that  the  small  quantity  present  in  the  inoculum  in  this  experiment 
was  not  sufficient  to  produce  a  noticeable  effect;  or  it  may  be 
that  the  beneficial  results  of  gypsum  applied  to  a  soil  is  due  to  its 
mechanical  and  chemical  action  on  the  soil,  producing  conditions 
favorable  for  the  action  of  the  nitrifying  bacteria,  conditions  which 
would  not  be  duplicated  under  the  arrangements  of  our  experi- 
ments. 

Another  qualifying  condition  as  regards  the  action  of  this 
material  on  nitrification  is  the  nature  of  the  soil  treated.  Similar 
results  as  regards  the  check  to  nitrification  were  obtained  with 
soil  from  the  field  of  the  Experiment  Station,  ^8  treated  in  lysi- 
meters.  In  these  experiments  it  was  found  that  ground  coral, 
applied  at  the  rate  of  a  ton  to  an  acre,  increased  the  nitric  nitro- 
gen recovered  in  drainage  water  by  1.35  pounds  over  untreated 
soil :  gypsum  effected  a  loss  of  2.61  pounds,  when  applied  in  like 
proportions. 

Carbon  bisulphide  stimulated  nitrification  to  a  slight  extent. 
This  result  confirms  our  previous  observation  that  this  substance, 
in  the  quantity  added  (about  1  to  500),  did  not  destroy  the  micro- 
organisns,  but  caused  a  re-proportioning  of  them.  The  nitrifiers 
are  easily  killed  by  heat ;  a  subsequent  experiment  will  show  that 
an  exposure  of  ten  minutes  to  a  temperature  of  85°  C.  causes  their 
death.  Our  results  are  similar,  as  regards  this  point,  to  those  ob- 
tained by  Lipman;2^  he  found  that  carbon  bisulphide  caused  an 
increase  of  nitric  nitrogen  of  from  7  to  14  milligrams  in  20 
pounds  of  soil.  Coleman  2«  also  found  that  while  carbon  bisul- 
phide checks  nitrification  at  first,  it  later  exhibits  a  pronounced 
stimulating  action  on  the  nitrifiers. 
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TEST  XV. 

Nitrogen  fixation  in  200  cc.  of  1.5  \)er  cent,  mannite  solution. 
Time,  three  weeks. 


Number. 



Nitrogen 
Milligrams. 

39.2      '    39.2 

Average. 
39.20 

Nitrogen 
in  Soil. 

Nitrogen 
Fixed. 

1 

5.60 

33.60 

2 

43.12 

42.28 

42.70 

5.48 

37.22 

3 

43.54 

42.  U 

42.84 

5.52 

37.32 

4 

44.78 

* 

44.78 

7.56 

'    37.22 

5 

41.44 

42.00 

41.72 

4.87 

36.85 

6 

43.68 

45.08 

44.38 

5.20 

39.18 

7 

47.46 

47.46 

47.46 

5.92 

:    41.54 

8 

48.02 

47.32 

47.67 

5.70 

'    41.97 

9 

—                                      -1 

42.14 

■ 

39.62 

40.88 

5.67 

35.21 

^Lost  in  distillation. 

The  soils  to  which  the  sugars  had  been  added  show  the  maxi- 
mum power  of  fixing  nitrogen.  It  is  for  this  reason  we  have 
already  pointed  out  tlie  possibility  that  the  increased  numbers  of 
organisms  in  these  soils  is  to  be  largely  attributed  to  increased 
Azotobactcr  organisms.  The  least  improvement  was  eflFected  by 
the  acid  superphosphate ;  and  as  acidity  in  the  soil  presents  a  check 
to  Azotobactcr  development,  this  can  be  readily  understood.  The 
eflFect  of  carbon  bisulphide,  as  with  the  other  organisms,  was  not 
a  destructive  one.  Maasen  and  Behn  ^'  found  that  while  1.7 
parts  of  carbon  bisulphide  per  1000  in  water  destroycvl  Azoto- 
bactcr in  24  hours,  they  survived  in  most  soils  for  48  hours. 
Lipman  -^^  found  a  slight  gain  as  regards  nitrogen  fixation  from 
soils  treated  with  carbon  bisulphide  over  those  untreated.  It  is 
evident  that  in  our  experiments  the  Azotobactcr  were  not  de- 
stroyed by  the  application  of  the  carbon  bisulphide,  and  that  latef , 
under  the  favorable  conditions  of  moisture  and  temperature,  they 
exceeded  in  numbers  those  in  the  untreated  soil. 

Th^  Effect  of  Pasteurizing  Soil  Suspension, 

A  quantity  of  Station  soil  was  shaken  for  ten  minutes  with 
sterile  water.  Aliquot  portions  equivalent  to  1  gram  of  soil  were 
seeded  into  solutions  of  peptone,  mannite,  Giltay's  nitrate  solu- 
tion, and  Omelianski  solution  of  ammonium  sulphate.    A  portion 
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was  transferred  to  a  sterile  flask  and  heated  for  ten  minutes  at 
85"  C.  After  cooling,  one  gram  equivalents  were  placed  in  solu- 
tions as  with  the  unpasteurized  suspension.  The  results  of  the 
ammonification  test  were : — 

Milligrams  Nitrogen  as  Ammonia. 

25  Days.  27  Days. 

Pasteurized    99.96  103.32 

Non-pasteurized    98.62  101.68 

The  denitrification  test  gave  a  reaction  for  nitrate  with  both 
the  pasteurized  and  non-pasteurized  inoculations  after  three  days, 
which  disappeared  on  the  fifth  day.  A  small  amount  of  am- 
monia nitrogen  remained  in  all  the  tests,  amounting  to  from  0.92 
to  1.26  milligrams  of  nitrogen.  It  was  evident  that  the  s|X)re 
forming  ammonifying  and  denitrifying  organisms  were  not  de- 
stroyed by  the  effect  of  pasteurization. 

In  the  Omelianski  solution,  after  30  days,  there  were  4.2  and 
4.8  milligrams  of  nitrate  nitrogen  in  the  solutions  seeded  with 
the  non-pasteurized  suspension,  but  neither  at  this  time  nor  one 
month  later  did  the  tests  seeded  with  the  pasteurized  suspension 
give  a  nitrate  test.    In  the  mannitc  solutions,  the  results  were : — 

Nitrogen  Fixed,    Milligrams 

27  Days.  2^2  Days. 

Pasteurized    0.35  0.56 

Non-pasteurized    32. 13  29.96 

Both  the  nitrifying  and  nitrogen-fixing  bacteria  succumbed  to 
an  exposure  of  ten  minutes  to  a  temperature  of  85°  C.  Not  be- 
ing spore  formers,  they  were  entirely  destroyed. 

In  all  soils  examined,  there  were  present  numbers  of  various 
forms  of  protozoa.  According  to  Russel  and  Hutchinson,  -^^  the 
beneficial  effects  noticed  after  sterilization  either  by  heat  or  vola- 
tile antiseptics  may  be  largely  or  entirely  attributed  to  the  destruc- 
tion of  these  larger  forms  of  life.  Their  principal,  if  not  sole  food 
supply  is  derived  from  the  living  micro-organisms  of  the  soil.  At 
elevated  temperatures  they  perish,  but  certain  micro-organisms 
survive  either  by  their  resistance  to  the  higher  temperature  or  their 
property  of  forming  heat-resistant  spores,  which  on  resumption  of 
normal  temperature  return  to  or  re-create  the  organisms  from 
which  they  originated.  These  organisms  are  then  free  from  the 
attacks  of  the  larger  organisms  and  are  enabled  to  multiply  more 
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rapidly,  and  consequently  functionate  more  strongly.  The  pre- 
sence of  these  protozoa  has  been  particularly  noticeable  in  our 
work  in  the  solutions  of  mannite  inoculated  with  soil.  The  non- 
pasteurized  inoculations  showed  them  present,  but  in  far  fewer 
numbers  than  when  soil  was  used  for  inoculation.  In  the  pasteur- 
ized tests  they  were  entirely  absent.  The  effect  of  heat,  then,  has 
been  to  destroy  the  phagocytes,  or  large  organisms,  which  prey  on 
the  living  micro-organisms.  Unfortunately,  however,  the  bene- 
licial  organisms,  such  as  the  nitrogen-fixers,  are  almost  entirely 
destroyed,  and  the  nitrifiers  entirely  so.  Sterilization  is  hardly  an 
agricultural  practice,  but  where  it  is  used  intentionally,  such  as 
when  carbon  bisulphide  is  applied  for  the  purpose  of  correcting 
plant  disease  or  insect  attacks,  or  accidentally,  where  fires  have 
occurred,  or  the  .soil  exposed  to  the  intense  heat  of  the  sun  in  the 
tropics,  very  excellent  crop  returns  have  been  obtained.  The 
theory  of  Russel  and  Hutchinson  is  in  no  wise  antagonistic  to 
tiiese  results.  The  phagocytes  and  beneficial  parasites  may  be  de- 
stroyed, but  the  dust  in  the  air  carried  from  adjoining  and  un- 
altered fields  will  speedily  repopulate  such  lands  with  the  bene- 
ficial smaller  organisms.  It  has  been  found  in  laboratory  work 
that  extreme  care  was  necessary  in  preventing  the  re-entrance  of 
the  widely  disseminated  nitrifying  organisms  into  the  sterilized 
.soils ;  so  that  under  field  conditions,  it  can  be  readily  imagined 
that  re-inoculation  of  sterilized  fields  would  quickly  follow. 

In  addition  to  the  work  reported  above,  many  of  the  organ- 
isms growing  on  agar  have  been  studied  under  the  microscope 
and  their  action  in  pure  cidture  observed ;  but  our  data  on  these 
points  present  nothing  peculiar  or  novel.  The  organisms  can  be 
generally  identified  with  species  already  described  and  which  are 
universally  distributed  in  arable  soils.  Our  work  in  this  respect 
is  incomplete,  but  will  be  resumed  at  a  later  date. 

In  conclusion,  the  writer  desires  to  express  his  appreciation 
of  the  valuable  assistance  rendered  him  by  W.  J.  Hartimg, 
Assistant  Chemist,  both  in  the  isolation,  staining,  and  identifica- 
tion of  various  organisms,  and  in  the  analytical  work  involved  in 
the  preparation  of  this  bulletin. 
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To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 
Honolulu,  Hawaii. 

Dear  Sirs: — I  herewith  submit  for  publication,  as  Bul-etin  No. 
35  of  the  Agricultural  and  Chemical  Series,  an  article  by  Mr. 
Noel  Deerr,  Sugar  Technologist,  entitled:  *'The  Inversion  of 
Cane  Sugar  Under  the  Influence  of  Acids  and  Neutral  Salts." 

Yours  very  truly, 


C.   F.  ECKART, 

Director. 


Honolulu,  Hawaii,  September  28,  1910. 


THE  INVERSION  OF  CANE  SUGAR   UNDER 

THE  INFLUENCE  OF  ACIDS  AND 

NEUTRAL  SALTS, 


By  Xoel  Deerr. 

INTRODUCTIOX. 

The  inversion  of  cane  sugar  is  a  subject  which  has  been  of  no 
inconsiderable  importance  in  the  development  of  certain  theories 
in  physical  chemistr>'.  It  is  one,  then,  on  which  a  great  amount 
of  work  has  been  done,  and  is,  moreover,  associated  with  the 
names  of  some  of  the  most  original  thinkers  of  the  older  living 
generation.  The  work  of  Ostwald  and  Arrhenius  and  of  other 
investigators  has  however  been  undertaken  toward  the  develop- 
ment of  the  ionic  hypothesis;  and  so  far  as  the  writer  is  aware, 
no  detailed  study  of  the  inversion  of  cane  sugar  from  the  point 
of  view  of  the  cane  sugar  manufacturer  has  been  made. 

One  very  great  point  of  difference  which  exists  between  the 
purely  academic  researches  undertaken  in  the  development  of  the 
theor>'  of  physical  chemistry,  and  a  study  of  inversion  from  the 
point  of  view  of  sugar  manufacturer  is  that  in  the  former  tlie 
action  of  pure  acids  and  salts  are  considered,  and  in  cane  juices 
and  sugar  house  products  generally  a  complex  mixture  of  sugars, 
organic  and  inorganic  salts  exists.  The  bodies  other  than  cane 
sugar,  especially  the  salts,  have  a  profound  influence  on  the  rate 
of  inversion  of  cane  sugar  by  acids,  and  it  was  with  the  view  of 
elucidating  certain  points  that  have  presented  themselves  to  the 
writer,  that  the  experiments  described  below  were  made. 

Before  giving  in  detail  the  results  of  the  experiments  made  by 
the  ^^Tite^,  it  may  be  of  use  to  collate  the  somewhat  extensive 
studies  already  made  on  the  inversion  of  cane  sugar.* 

A  hypothesis  most  prominent  since  1884  and  due  to  Arrhenius' 
puts  forward  the  conception  that  bodies,  which  are  capable  of 
conveying  an  electric  current  in  aqueous  solution,  are  split  up  in 
solution  into  their  component  parts,  to  which  follovving  Faraday, 
the  name  ion  has  been  e:iven.  Thus  hydrochloric  acid  in  solution 
IS  considered  as  consisting  of  undissociated  hydrochloric  acid 
(HCl)  and  of  hydrogen  ions  H  and  chlorine  ions  CI.  Similarly, 
sodium  nitrate  is  considered  as  existinof  in  solution  partly  as 
XaXOs  and  partly  as  Xa  and  partly  as  XO^.  To  the  dissociated 
parts  are  supposed  to  be  attached  electric  charges,  positive  in  the 
case  of  the  hydrog'en  and  metals,  and  negative  in  the  case  of  the 
acid  ion — XOg,  CI,  SO4,  etc.     The  activity  of  acids  in  solution 

*  I  do  this  because  in  no  textbook  dealing  with  sugar  manufacture  is  this  subject 
more  than  briefly  diMcussed. 


is  on  this  hypothesis  connected  with  the  degree  to  which  they  be- 
come dissociated  and  this  activity  is  again  connected  with  the  num  • 
ber  of  hydrogen  ions  present.  Thus  when  it  is  said  that  hydro- 
chloric acid  is  a  stronger  acid  than  acetic,  under  the  ionic  hypo 
thesis,  is  meant  that  hydrochloric  acid  in  solution  splits  up  largely 
into  H  ions  and  CI  ions,  and  that  acetic  acid  splits  up  into  H 
ions  and  CH3COO  ions  to  a  very  much  less  extent,  and  that  the 
difference  in  the  strength  of  these  acids  is  due  solely  and  entirely 
to  the  different  number  of  free  hydrogen  ions  present.  Hence  it 
is  considered  by  the  supporters  of  the  ionic  hypothesis  that  the 
inversion  of  cane  sugar  under  the  influence  of  acids  is  due  solely 
and  entirely  to  the  hydrogen  ions. 

Rate  of  Inversion  of  Cane  Si'Gar  by  Acids. — In  1867  two 
Norwegian  chemists — Guldberg  and  Waage — developed  what  is 
known  as  the  principle  of  active  mass  which  is  thus  formulated — 
*'the  rate  of  change  in  a  chemical  action  is  proportional  to  the 
active  mass/'*    Thus  if  in  any  reaction  there  are  two  units  present, 

*  This  law  of  mass  action  is  one  of  the  fundamental  natural  laws,  equal  in  impor- 
tance to  Newton's  laws  of  motion  or  to  Mendel's  principles  of  heredity.  Though  assor 
ciated  chiefly  with  the  two  chemists  named,  it  had  been  less  clearly  conceived  earlier 
by  Berthollet,  by  Wilhelmy,  bv  Hnrcourt,  and  by  Esson.  and  later  by  Jellet  and  Van't 
Hoff  in  ijjnorance  of  the  previous  work  of  Guldberg  and  Waage.  This  law  lias  several 
immediate  applications  to  sugar  manufacture.  Thus  an  evaporator  of  2000  square 
feet  will  evaporate  twice  the  amount  of  water  which  one  of  1000  square  feet  will, 
other  conditions  being  equal.  Here  the  active  mass  is  the  area  of  the  heating  sur- 
faces. Let,  however,  the  circulation  in  one  evaporator  be  more  efficient  than  In 
another  of  the  same  size;  the  active  mass  not  only  includes  the  heating  surface,  but  also 
♦he  surface  of  Ihe  liquid  in  contact  with  the  tubular  partition  and  the  more  active 
the  circulation  the  greater  will  be  the  active  mass  of  the  liquid  and  the  more  rapid 
the  evaporation. 

Another  application  of  greater  interest  is  in  the  crystallization  of  massrcuites. 
The  surface  of  the  crystals  already  existing  may  be  legarded  as  the  active  mass  on 
which  sugar  still  in  supersaturated  solution  will  deposit.  Hence  crystallization  will  be 
more  rapid  the  smaller  the  grain,  because  when  the  weight  of  sugar  is  the  same  a 
larger  surface  is  offered  when  the  numl>rr  of  crystals  is  greater.  Thus  if  x  and  Xi 
be  the  number  crystals  present  in  a  quantity  of  massecuite,  then   (treating  the  crystals 

as  sphere  of  diameter  d  and  di)  the  surfaces  are  prox>ortional  to  71  xd     and    fl  x  j  d  i  ; 

the  volumes  are  proportional  to       -  X  d'^  &  ^1  ^1     >    when    the    weight    of    the 
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crystals  is  the  same  Jlxd^=Jlxidi^Ordi    =    |-!!|^'  whence  evidently 

6  6  V   '  y    ' 


^2 

surface  of   x   splieres  v    >   v 

surface  of  x<  spheres 


(  y> 


X 

that  is  to  say.  the  active  mass  and  the  rapidity  with  which  sugar  will  doposit  from 
supersaturated  solution  is  proportional  to  the  number  of  crystals  and  inverselv  propor- 
tional to  the  square  of  the  cube  root  of  the  number  of  crystals.  Arithmeticailv,  let  in 
unit  quantitv  of  massecuite.  let  there  be  1  crvstal  in  one  case,  and  in  a  second  let 
there  le  2,  the  total  weight  of  crystals  being  the  same  in  both  cases.  If  the  surface 
of  the  crystals  in  the  first  case  be  put  equal  to  1,  in  the  second  case  the  surface  will  be 


(^r 


=  1.263  i.e.  doubling  the  number  of  crystals  increases  the  area  of  the 


Bides  of  the  crystals  26.3%.  If  now  a  comi)arison  be  made  between  a  massecuite  cooled 
at  rest  and  one  cooled  in  motion  (the  number  of  crystals  remaining  the  same  in  both 
cases),  it  will  he  at  once  apparent  that  the  active  mass  is  enormously  increased  bv  the 
natural  motion  of  the  crystals  and  mother  liquor,  a  scheme  so  commonly  applied  in  tJie 
crystallization  in  motion  process. 


the  rate  of  change  will  be  twice  as  fast  as  when  there  is  only  one 
unit  present.  Now,  in  a  solution  of  cane  sugar  in  the  presence  of 
an  acid,  let  there  be  originally  a  parts  of  sugar  present ;  in  a  very 
small  interval,  of  time,  /,  let  x  parts  be  inverted  or  changed  into 
invert  sugar  under  the  influence  of  the  acid  following  the  equation 

C,2  H22  On   +112  0  =  C„  l\,2  Oo  +  C„  H,2  Og 
Cane  Sugar  Water  Dextrose  Levulose 

There  are  now  present  (a — x)  parts  of  sugar;  since  th.^  rate  of 
transformation  is  proportional  to  the  active  mass,  whicli  here  is 

the  amount  of  cane  sugar  still  unchanged    ^^    =z  k   (a  —  x) 

where  ^  is  a  constant. 

By  integration 

a 

log =  k  t 

a  —  x 
1  a 

or  —  log  =  k 

t  a  —  x 

A  solution  of  cane  sugar  when  observed  in  the  polariscope  ex  • 
hibits  a  rotation  to  the  right.  As  inversion  proceeds  the  rotation 
falls,  and  eventually  when  complete,  exhibits  a  fixed  left  handed 
rotation.  If  the  total  change  is  represented  by  a,  this  quantity  is 
proportional  to  the  total  amount  of  sugar  originally  present.  The 
amount  inverted  at  any  moment  is  proportional  to  the  difference 
between  a  and  the  fall  in  polarization.  If  this  quantity  be  denoted 
by  X,  then  the  determination  of  the  initial  and  final  polarization 
and  the  polarization  at  any  moment  give  data  to  calculate  the  con- 
stant deduced  above  and  to  test  the  validity  of  the  law  of  mass 
action.  Thus  if  the  initial  reading  be  100  Ventzke  degrees,  the 
reading  after  complete  inversion  be  28^,  and  the  reading  after 
action  has  continued  for  30  minutes,  be  90  then 

a  -=  128  and  x  =  100  —  90  =  10  and  the  constant  will  be 
1  128 

—  log  =  .001178 

30  128  —  10 

the  constant  being  expressed  with  reference  to  minutes  and  com- 
mon logarithms.  This  law  of  mass  action  was  tested  and  found 
correct  by  Wilhelmy  in  1850.* 


*  The  development  above  refers  to  unimolecular  reactions  of  which  the  inversion 
of  cane  feugar  by  acids  is  a  typical  example;  very  recently  it  has  been  supcested  that 
the  inversion  of  cane  sugar  is  not  a  imimolecular  reaction  and  that  very  slight  devia- 
tions mav  occur,  gee  Armstrong  and  Cadwell,  Procpfdings  of  the  Royal  Society,  74, 
195 ;  Julius  Meyer,  Zeitsrhrift  fur  Fhyaikalische  Chemie,  62,  59 ;  and  C.  S.  Hudson, 
Journal  of  the  American  Chemical  Society,  32,  8S5. 
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Relative  Strength  of  Acids  as  Determined  by  the  Rate 
OF  Inversion. — As  soon  as  the  theory  of  ionic  dissoci3Mon  had 
been  proix^unded  by  Arrhenius  in  1884,  it  was  recognized  by  Ost- 
wald  that  measurements  of  the  rate  of  inversion  of  cane  sugar 
by  different  acids  under  exactly  equal  conditions  would  also  give 
a  measure  of  the  strength  of  the  acid  or  in  terms  of  the  ionic 
hypothesis  of  the  relative  degree  of  dissociation,  i.e.,  of  the  con- 
centration of  the  hydrogen  ions  to  the  presence  of  which  the  ionic 
hypothesis  attributes  the  peculiar  properties  of  acids.  Oswald^ 
according^ly  made  determinations  of  the  rate  of  inversion  of  many 
acids.  His  experimental  procedure  was  as  follows :  equal  quanti- 
ties of  a  normal  solution  of  an  acid  and  of  a  A0^(  -50%  solution 
of  cane  sugar  were  mixed  and  kept  at  a  temperature  of  25°  C. 
After  a  suitable  interval  the  polarization  was  observed  and  from 
this  observation,  combined  with  the  initial  and  final  polarizations, 

values  of  the  constant  —   log    ^-    were  obtained.    The  constants 

t  *^     a— X 

of  some  commonly  occurring  acids  as  found  by  Ostwald  are  given 

in  the  subjoined  table.    In  the  first  column  is  given  the  value  of 

the  constant  at  25*^  C.  for  half  norm.al  acids  referred  to  common 

logarithims  and  time  unit  of  minutes;  in  the  second  column  are 

given  values  of  the  constant  referred  to  hydrochloric  acid  as 

unity*. 

i  ff 

Value  of  —  loff 

t  a  —  s 

Hydrochloric    002187  100.0 

Hvdrobromic    002438  111.4 

Nitric   002187  100.0 

Sulphuric    001172  53.6 

Sulphurous   000663  30.4 

Oxalic 000400  18.6 

Phosphoric   0001357  6.J> 

Acetic    0000088  .4 

These  values  make  it  possible  to  calculate  the  amount  of  sugar 
inverted  at  a  temperature  of  25"^  C.  by  acids  in  .5  normal  con- 
centration over  any  period  and  for  any  concentration  of  sugar 
solution ;  thus  if  it  be  required  to  find  the  amount  of  sugar  in- 
verted in  a  20%  solution  by  half  normal  sulphuric  acid  in  one 
hour,  the  calculation  would  be  as  follows :  putting  the  initial  read- 
ing equal  to  20,  the  final  reading  will  be  (at  25°)  —  6.0;  whence 


*  The  reference  liooks  at  ray  disposnl  only  ifenerally  give  the  figures  in  the  second 
column,  and  when  the  actual  conKtant  is  given  it  in  quoted  as  10,000  times  as  great  as 
the  figures  I  have  given.  An  actual  experiment  with  sulphuric  acid  in  one-half  normal 
solution  gave:   initial  polarization,  60.0;   final  polarization,   18.0;  polarization  after  30 

minutes,   53.9;   whence     -s/-y   log   -  y^.J  -,- =  k    =   .001179. 


^i  =  26,  and    -A-    log   rf^.^   =  .COl 72;  whence     ^.\     =1.1175; 
X  =  2.73,  which  is  the  fall  in  polarization ;  the  total  fall  being  26, 

the  percentage  of  sugar  inverted  is    "^^  "^^^'^^   =  10.5%. 

To  the  sugar  manufacturer  these  figures  are  of  indifferent  in- 
terest; I  therefore  made  determinations  of  the  velocity  rf  inver- 
sion of  some  acids  in  dilute  solution  at  temperatures  of  97°  C- 
98°  C.  The  routine  of  the  determinations  was  as  follows ;  Twen- 
ty-five cubic  centimeters  of  a  20%  solution  of  cane  sugar  were 
placed  in  a  50  cc.  fiask ;  5  cc.  of  a  dilute  acid  were  then  placed  in 
the  flask  and  the  volume  completed  to  50  cc. ;  the  flasks  ;md  their 
contents  were  placed  in  a  vessel  of  boiling  water ;  when  the  tem  • 
perature  of  the  contents  of  the  flasks  reached  97°  C,  the  time  was 
taken ;  the  flasks  were  allowed  to  remain  for  30  minutes ;  the  ves- 
sel was  then  removed  from  the  lamp  and  the  content-  of  the  flasks 
rapidly  cooled  by  running  into  the  vessel  a  copious  stream  of  cold 
water;  the  inversion  was  then  almost  instantaneously  stopped, 
the  contents  of  the  flasks  being  polarized  as  soon  as  they  reached 
the  laboratory  temperature,  which  took  about  four  minutes.  The 
results  obtained  were  as  follows,  /  being  referred  to  minutes, 
the  logarithms  being  common,  and  the  concentration  of  the  acid 

in  all  cases  being  ~^. 

1               a 
Acid  Value  of  —  log 

t            a  —  X 

irvdrochlorJc    0181  100.0 

Nitric       0180  90.9 

Sulphuric 0132  72.9 

Sulphurous    00S8  48.6 

Oxalic 0077  42.7 

Phosphoric 0034  38.7 

Acetic    0012  6.4 

The  Effect  of  Temperature. — The  rate  at  which  the  inver- 
sion of  cane  sugar — and  of  all  similar  reactions — proceeds  is 
enormously  increased  with  rise  of  temperature.  Thus  the  velocity 
of  reaction  of  t/ott  N  hydrochloric  acid  is  about  nine  times  as 
great  at  97 "^  C.-98°  C.  as  is  the  velocity  of  .5X  hydrochloric  acid 
at  about  25°  C.  The  effect  of  temperature  has  been  studied  by 
Urech  and  by  Spohr  and  the  following  general  equation  has  been 
found  connecting  velocity  of  reaction  and  temperature. 

A  (Ti  —  To) 
Ci  =  Co  e  - 


To  Ti 
where  C,  and  Q  are  the  rates  of  inversion  at  temperatures  Tq 


10 

and  Ti  (both  of  course  in  the  absohite  scale)  ;  e  is  the  base  of  the 
natural  system  of  logarithm  (=  2.71828  . . . . )  and  A  is  a  con- 
stant, which  is  equal  to  12820.  Urech,  to  whom  the  above  for- 
mula is  due,  found  the  following  results: 


Temperature  of  Reaction. 

Rate  of  Inversion 

10 

.217 

25 

9.67 

40 

73.4 

45 

139 

50 

268 

55 

491 

It  was  shown  by  Sigmond*  that  this  formula  was  also  appli- 
cable up  to  100"^  C.  and  according  I  have  calculated  values  of  the 
rate  of  inversion  up  to  100^  C,  putting  the  rate  at  25°  C.  equal 
to  unity. 

Rate  of  Inversion  Temperature 

1  25 

7.6  40 

14.3  45 

26.7  ^,0 

57.7  55 

91.8  60 
162  65 
282  70 
483  75 
814  80 

1354  85 

2110  90 

3573  95 

5659  100 

Effect  of  Concentration  of  the  Acid. — Within  narrow 
limits,  the  rate  of  inversion  is  proportional  to  the  concentration 
of  the  acid ;  but  as  the  differences  in  concentration  become  more 
pronounced,  the  direct  proportionality  tends  to  disappear.  With 
the  stronger  acids  there  is  a  slight  increase  in  the  rate  of  inver- 
sion* in  proportion  to  the  amount  of  acid ;  with  the  weaker  acids 
the  reverse  obtains.  As  none  of  the  reference  books  available  to 
me  gave  any  data  on  this  point,  I  determined  under  strictly  com- 
parative conditions  the  rate  of  inversion  of  hydrochloric  acid  in 
concentration  from  .2  X  to  .005  X,  the  routine  of  the  experi- 
ment being  as  under:  Xinety  cubic  centimeters  of  a  solution  of 
sugar  was  placed  in  a  flask  followed  by  10  cc.  of  2  N,  1.8  X,  etc., 
hvdrochloric  acid.    The  flasks  were  allowed  to  stand  at  the  labora- 


*  Under  the  ionic  hypothesis  the  degree  of  dissociation  increases  with  dilution,  so 
that  relatively  there  should  be  more  hydrogen  ions  present  in  dilute  than  in  con- 
centrated solution,   and  the  molecular  rate  of  inversion   should  increase. 
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tory  temperature  for  a  convenient  interval,  after  which  they  were 
filled  into  tubes  and  polarized.  The  same  interval  was  allowed 
between  each  observation  as  was  taken  in  the  operation  of  filling 
in  10  cc.  of  the  acids.    The  results  obtained  were : 

Itelative  Velocity  of 
Hydrochloric  Acid  Inversion  Referred  to  Equimolecular 

Quantities 
1.000 
.970 
.956 
.938 
.928 
.912 
.899 
.887 
.868 
.857 
.851 

Relative  Velocity  of 
Inversion  Referred  to  Equimolecular 
Quantities 
1.000 
.946 
.909 
.870 
.837 
.824 

Relative  Velocity  of 
Inversion  Referred  to  Equimolecular 
Quantities 
1.000 
.939 
.922 
.915 
.880 
.863 

Inversion  in  Pl're  Aqt'eous  Solltion  at  Hich  Temperatue. 
— Cane  sugar  solution  in  water  when  kept  at  high  temperatures 
gradually  becomes  inverted.  Under  the  ionic  hypothesis  this  is 
explained  by  regarding  water  itself  as  being  very  slightly  disso- 
ciated into  hydroxyl  ions  and  hydrogen  ions,  under  the  influence 
of  the  latter  of  which  the  inversion  occurs.  This  destruction  of 
sugar  has  been,  amongst  others,  most  carefully  studied  by  Kul- 
gren^:  he  found  that  at  first  there  was  a  very  slow  inversion  of 
sucrose  solutions  at  100°  C.  As  the  heating  progressed  the  rate 
of  inversion  gradually  increased.  He  attributes  the  initial  inver- 
sion to  the  action  of  the  hydrogen  ions  and  the  increased  rate  of 


2 

N 

!l8 

N 

.16 

X 

.14 

X 

.12 

X 

.10 

X 

.08 

X 

.06 

X 

.04 

X 

.02 

X 

.01 

X 

Nitric 

Acid 

.25 

X 

.20 

X 

.15 

X 

.10 

X 

.05 

X 

.02 

X 

Sulphuric  Acid 

.5 

X 

.4 

X 

.3 

X 

,2 

X 

.1 

X 

.04 

X 
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inversion  later  to  the  formation  of  acids  arising  from  the  invert 
sugar  formed  in  the  earlier  stages.  Amongst  data  of  an  experi- 
ment by  Kulgren  appear  the  following: 

Initial  p)olarization,  9.37;  polarization  after  heating  for  200 
minutes,  9.34;  then  taking  the  final  reading  after  heating  as  2.81, 
the  constant  referred  to  a  time  unit  of  minutes  is  .0000015. 

Inversion  of  Cane  Si^gar  Under  the  Influence  of  Salts. 
— Under  the  inliuence  of  salts  of  weaker  bases  with  strong  acids, 
such  as  zinc  nitrate,  aluminum  sulphate,  etc.,  cane  sugar  is  in- 
verted. This  inversion  has  been  mainly  studied  by  Long,  who  in 
some  cases  found  the  rate  of  inversion  followed  Wilhelmv's  law, 
and  in  others  that  the  rate  of  inversion  either  increased  or  de- 
creased with  the  time.  Under  the  ionic  hypothesis  this  inversion 
is  thus  explained.  With  the  salt  of  a  strong  acid  and  weak  base, 
such  as  zinc  nitrate,  the  solution  of  the  salt  gives  rise  to  the  fol- 
lowing conditions: 

The  water  is  dissociated  very  slightly  in  hydrogen  ions  and  into 
hydroxyl  ions. 

The  salt  dissociates  largely  into  its  anions  and  kations. 

Then  if  the  base  is  a  weak  one,  so  that  its  dissociation  constant 
is  small,  the  hydroxyl  ions  existing  in  the  water  will  be  taken  up 
in  the  formation  of  the  slightly  ionized  base  and  further  disso- 
ciation of  the  water  will  result.  The  change  taking  place  will  be 
roughly  given  by  the  expression 

B'  +  x'  -h  HOH     -t^IZ^     B.  OH  +  x  +  H 

so  that  a  greater  quantity  of  hydrogen  ions  exists  than  previously, 
and  to  the  presence  of  these  the  inversion  is  attributed.  Con- 
versely, the  solution  of  a  salt  of  a  strong  base  and  weak  acid  will 
result  in  the  accumulation  of  hydroxyl  ions  and  an  alkaline  solu- 
tion will  result. 

Infia'ence  of  Nei^tral  Salts. — The  influence  of  neutral  salts 
on  the  rate  of  inversion  of  cane  sugar  has  been  chiefly  examined 
by  Arrhenius  and  developed  by  him  under  the  ionic  hypothesis. 
He  found  that  the  rate  of  inversion  of  cane  sugar  was  increased 
by  the  simultaneous  presence  of  certain  neutral  salts;  e.g.,  the 
chlorides,  bromides,  and  nitrates.  Under  the  ionic  hypothesis  the 
addition  of  a  neutral  salt  to  a  solution  of  its  acid  lowers  the  con- 
centration of  the  hydrogen  ions ;  and  hence,  on  the  hypothesis  that 
the  inversion  of  cane  sugar — and  other  similar  reactions — is  due 
to  the  presence  of  hydrogen  ions,  the  rate  of  inversion  of  cane 
sugar  should  be  decreased  by  the  presence  of  neutral  salts. 
Arrhenius  explains  this  diversion  from  the  ionic  hypothesis  by  the 
conception  of  an  active  and  inactive  form  of  cane  sugar  in  solu- 
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tion,  of  which  only  the  former  enters  into  the  change,  and  he 
assumes  that  the  addition  of  a  neutral  salt  increases  the  active 
mass  of  the  cane  sugar  so  much  so  that  the  decrease  in  the  rate 
of  inversion  due  to  the  dissociation  in  concentration  of  the  hydro- 
gen ion  is  more  than  counterbalanced,  and  that  an  increase  in  the 
rate  of  inversion  occurs. 

The  salts  used  by  Arrhenius  were  the  chlorides  of  the  alkaUes 
and  alkaline  earths  in  connection  with  hydrochloric  acid;  potas- 
sium, sodium,  and  ammonium  nitrate  in  connection  with  nitric 
acid ;  and  potassium  bromide  and  iodide  in  connection  with  their 
respective  acids.    Some  of  his  results  are  given  in  the  table  below : 


Co'icentration  of  Acid 


.05    N  hydrochloric  aci 


Concentration  of  Salt 


Tempera- 
atuie 


i  ( 
i  I 
<  I 

i  I 

1 1 
i  I 
I  ( 


1 1 

i  I 
1 1 
( I 
i  I 
1 1 
i  t 


.05    N  nitric   acid 


.05    N  hydrobromic  acid 
.034  N  hydriodie  acid 


A  X  sodium  chJoride 
.4  N  lithium  chloride 
.4  N  ammon.  chloride 
.4  N  potassium  chloride 
.4  N  calcium  chloride 

.4  N  strontium   chloride 
.4  N  barium  chloride 
.4  N  magnes  'm  chloride 

.4  N  potassium  nitrate 
.4  N  sodium  nitrate 
.4  N  ammonium  nitrate 

.4  N  potassium  bromide 

.4  N  potassium  iodide 


39.5 
39.5 
39.5 
39.5 
39.5 
39.5 
39.6 
39.6 
39.6 
39.6 
39.5 
39.5 
39.5 
39.5 
39.4 
39.4 
39.4 
39.4 


Constant 

Referred  to 

Miiiutrs 

31.9 
36.3 
36.9 
37.0 
36.4 
37.5 
32.0 
36.2 
36.6 
36.6 
29.9 
33.9 
34.0 
34.5 
30.6 
38.2 
20.6 
25 . 3 


Percent- 
age 
Increase 


25.3 
26.4 
26.4 
24.4 
26.9 

«    •   •   • 

20.1 
22.2 
26.5 

•  ■   •    • 

24.6 
25.0 
26.1 

•  •   •   • 

35.5 

•  •   •   • 

35.0 


In  calculating  the  percentage  increase  Arrhenius^  proceeded 
thus:  "A  direct  test  showed  that  the  rate  of  inversion  at  39.5°  C. 
by  A-  nomial  nitric  acid  is  29.9  X  10  —  4.  By  the  addition  of 
.4N  potassium  nitrate  this  figure  is  raised  to  the  value  of  33.9. 
The  conductibility  observ^ed  showed  that  the  degree  of  dissocia- 
tion of  the  acid  is  lessened  8.9%  by  this  addition ;  so  one  would 
expect  a  rate  of  inversion  in  the  solution  containing  potassium 
nitrate  of  29.9  X  .911  — -  27.2.  The  actually  observed  rate  of  reac- 
tion is  33.9  =1.25  X  27.2.  The  increase  in  the  rate  of  reaction 
by  the  addition  of  .4X  potassium  nitrate  therefore  amounts  to  25% 
of  the  calculated  values,  27.2.'' 

Action  of  Non-Conductors. — Arrhenius^  also  made  deter- 
minations of  the  eflfect  of  non-conductors  on  the  rate  of  inversion, 
and  found  the  eflfect  very  small.    There  is  one  non-conductor,  the 
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action  of  which  is  of  great  interest  in  the  sugar  factory,  and  that 
is  glucose.  Afy  results  being  quite  at  variance  with  all  previous 
work,  the  action  of  this  body  is  treated  of  separately  and  in  detail 
below. 

The  Action  of  Neutral  Salts  ox  the  Rate  of  Inversion 
OF  Cane  Sugar  cy  Acids. — In  the  pages  above  have  been  given 
such  a  survey  of  the  present  knowledge  of  the  inversion  of  cane 
sugar  as  the  somewhat  restricted  literature  at  my  disposal  allows. 
It  was  thought  that  some  more  detailed  experimental  study 
designed  from  the  point  of  view  of  the  sugar  makers  might  be  of 
some  small  value.  In  a  cane  juice  there  is  present,  besides  cane 
sugar,  varying  quantities  of  glucose  of  inorganic  and  organic 
salts ;  amongst  the  first  are  found  chlorides,  sulphates,  phosphates, 
and,  when  sulphur  is  used  in  manufacture,  sulphites.  The  organic 
acids  which  are  known  to  exist  are  oxalic,  malic,  succinnic,  gly- 
collic  and  acetic  in  damaged  cane.  In  addition,  lactic  and  saccharic 
acids  are  formed  in  process  of  manufacture.  Of  the  organic 
acids,  oxalic  has  a  much  greater  inverting  action  than  any  of  the 
others. 

The  bases  which  occur  in  cane  juices  are:  lime,  magnesia, 
potash,  and  soda.  The  acids,  which  are  used  in  cane  sugar  man- 
ufacture, are  sulphurous  and  phosphoric.  So  far  then,  as  regards 
the  manufacture  of  cane  sugar,  it  might  perhaps  appear  to  be 
sufficient  to  have  studied  the  action  of  sulphurous  and  phosphoric 
acids  in  the  presence  of  the  salts  mentioned  above.  However,  to 
obtain  a  broader  view  of  the  subject,  I  made  experiments  on  the 
action  of  the  following  bodies ;  the  chlorides  and  nitrates  of  the 
alkalies  and  alkaline  earths,  and  the  sulphates  and  phosphates  of 
the  alkalies,  using  as  acids  phosphoric,  oxalic,  hydrochloric,  sul- 
phuric and  sulphurous.  The  first  series  of  experiments  were 
arranged  as  follows: 

Twenty-five  cubic  centimeters  of  a  20%  solution  of  cane  sugar 
were  placed  in  a  50  cc.  flask.  To  this  was  then  added  varying 
quantities  of  a  solution  of  a  known  concentration  of  the  salt  under 
examination,  and  a  fixed  quantity,  5  cc.  of  the  acid.  The  contents 
were  then  placed  in  a  vessel  of  boiling  water.  The  time  was  taken 
when  the  contents  of  the  flasks  had  reached  97^,  after  w^ich  they 
were  kept  at  this  temperature  for  30  minutes.  They  were  then 
rapidly  cooled.  In  this  series,  working  with  dilute  acids,  inversion 
stopped  practically  on  cooling:  nevertheless,  the  contents  of  the 
flasks  were  polarized  as  soon  as  cool.  The  first  series  of  experi- 
ments was  made  with  hydrochloric  acid  of  strength  .01  normal, 
of  which  5  cc.  was  used  for  the  inversion  in  50  cc.  total  volume 
of  solution,  the  concentration  thus  being  .001  N. 
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Before  giving  the  results  of  the  experiments,  the  following  ex- 
planations are  necessary.  At  first  I  found  it  impossible  to  obtain 
duplicates  in  any  way  agreeing  with  each  other.  This  was  found 
to  be  due  to  alkali  dissolved  from  the  flasks  which  behaved  very 
unevenly  in  this  respect.  After  digesting  all  the  flasks  with  strong 
hydrochloric  acid,  much  more  even,  though  not  entirely  satisfac- 
tory, results  were  obtained.  With  each  batch  of  experiments  a 
check  with  acid  alone  was  performed.  With  fourteen  such  checks, 
J  obtained  a  reading  in  a  Ventzke  scale  polariscope  of  from  2.2 
to  5.4'^  Ventzke,  the  initial  reading  being  in  all  cases  39.4"^.  I 
was  unable  to  obtain  closer  duplicates  than  this.  Each  experiment 
with  the  addition  of  salts  was  done  twice,  and  the  average  of  the 
two  determinations  is  given  in  the  tables  below : 


Effect  of  neutral  salts  in  dilute  solution  on  the  rate  of  inversion 
of  cane  sugar  bv  .001  normal  hvdrochloric  acid  at  a  temperature  of 
97°  C.  to  98°  C.  Initial  reading  of  sugar  solution  39.4°  ^'entzke. 
Reading  after  complete  inversion,  — 11.0°  \'entzke;  time  of  heat- 
ing, 30  minutes;  in  the  absence  of  salts,  the  reading  after  30 
minutes'  heating  varied  from  2.4°  to  4.5°  Ventzke. 

Salt  and  Concentration  Polariscope  Reading 

Potassium  chloride     .002     N 3.4 

''  .005     X 4.7 

''  .01        X 3.7 

'*  .02       X 4.0 

Sodium   chloride  .002  X 3.S 

*'  .005  X 4.4 

''  .01  X '....  4.S 

*'  .02  X 4.4 

Ammonium  chloride  .002     X 4.4 

''  .005     X 2.S 

'*  .01       X 2.6 

*'  .02       X 3.1 

Calcium  chloride  .002  X 3.2 

'*  .005  X 4.1 

'*  .01  X 3.2 

*'  .02  X 4.2 

Strontium  chloride  .002  X 3.0 

*'  .005  X 2.8 

*'  .01  X 2.8 

*'  .02  X 4.4 

Barium    chloride  .002     X 2.2 

'*  .005     X 4.8 

*'  .01       X 3.8 

'*  .02       X 3.7 
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Salt  and  Cencentration  Polariscope  Reading 

Potassium    bromide  .002     N 4.2 

**  .005     X 3.8 

*'  .01       X 3.3 

''  .02       X 3.8 

Potassium    iodide  .002     X 3.2 

*'  .005     X 2.8 

''  .01       X 3.6 

'*  .02       X 4.8 

Potassium    nitrate  .002     X 3.4 

*'  .005     X 3.2 

'*  .01       X 2.9 

*'  .02       X 3.6 

Sodium   nitrate  .002     X" 4.4 

''  .005     X 5.0 

"  .01       X 3.8 

''  .02       X 5.0 

Ammonium  nitrate  .002     X 3.4 

''  .005     X" 3.2 

**  .01       X 3.3 

''  .02       X 3.9 

Magnesium  nitrat*  .002     X 4.1 

'*  .005     X 3.7 

*<  .01       X 5.0 

'*  .02       X 3.4 

Calcium    nitrate  .002     X 3.7 

'*  .005     X 2.8 

''  .01       X 3.6 

''  .02       X 3.6 

Strontium  nitrate  .002     X 3.4 

''  .005     X 3.8 

*'  .01       X 3.2 

*'  .02       X 3.2 

Barium    nitrate  .002     X 4.0 

'<  .005     X 3.2 

''  .01       X 3.1 

''  .02       X 3.1 

Potassium    sulphate  .002     X 34.1 

*'  .005     X 18.4 

''  .01       X 25.9 

''  .02       X 29.6 

Sodium    sulphate  .002     X 14.4 

*'  .005     X" 20.6 

'*  .01       X 25.6 

''  .02       X 30.1 
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Salt  and  Cencentration  Polariscope  Beading 

Magnesium  sulphate  .002    N 11.0 

**  .005     N 15.5 

''  .01       N 21.7 

''  .02       N 26.2 

Calcium   sulphate  .002     N 12.1 

''  .005     N 19.2 

''  .01       N 22.0 

''  .02       N 26.0 

Ammonium  sulphate  .002     X. . . , 14.4 

'*  .005     N 19.2 

*'  .01       N 25.4 

*<  .02       N 30.2 

Potassium   oxalate  .001     N 5.8 

''  .0025  X 9.7 

''  .005     X 16.4 

''  .01       N 36.9 

Sodium  oxalate  .001     X 6.4 

''  .0025  X^ 8.8 

''  .005     X 17.7 

'*  .01       X 35.0 

Ammonium    oxalate  .001     X 7.2 

''  .0025  X 10.0 

*'  .005     X 18.2 

**  .01       X 36.4 

Potassium   acetate  .0002  X 9.2 

''  .0005  X 19.2 

'*  .001     X 35.2 

'*  .002     X 39.2 

Sodium    acetate  .002     X 8.4 

**  .0005  X 18.8 

''  .001     X 36.0 

*'  .002     X 39.2 

Calcium   acetate  .0002  X 9.0 

'*  .0005  X 18.6 

*'  .001     X 35.0 

'*  .002     X 38.8 

Magnesium  acetate  .0002  X 8 .  S 

'*  .0005  N 38.9 

*'  .001     X" 36.5 

''  .008     X 38.9 

Barium  acetate  .002     X 9.1 

*'  .005     X 39.9 

"  .001     X 35.1 

*'  .002     X 38.8 
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Effect  of  neutral  salts  in  dilute  solution  on  the  rate  of  inversion 
of  cane  sugar  by  .001  normal  sulphuric  acid,  at  a  temperature  of 
97o.9go(3  Initial  reading  of  sugar  solution  39.4"^  \'entzke. 
Reading  after  complete  inversion,  — 11.0^  Ventzke;  time  of  heat- 
ing, 30  minutes;  in  the  absence  of  salts  this  reading,  after  30 
minutes*  heating,  varied  from  8.9°  to  9.3"^  Ventzke. 

Salt  and  Concentration  Polariscope  Reading 

Potassium  chloride     .002     X 8.7 

"                     .005     N 9.2 

'*                     .01       N 9.1 

*'                     .02       N 8.5 

Sodium   chloride         .002     X 8.9 

'*                    .005     X 8.7 

*'                     .01       X 8.7 

"                     .02       X 8.3 

Ammonium  chloride  .002     X 9.1 

''                    .005     X 8.6 

<<                     .01       X 8.6 

'*                     .02       X 8.6 

Magnesium  chloride  .002     X 9.0 

*'                    .003     X 8.6 

*'                     .01       X 9.2 

"                     .02       X 9.2 

Calcium    chloride        .002     X 8.7 

*'                     .005     X 8.7 

''                    .01       X 8.8 

**                    .02       X 9.0 

Potassium  bromide     .002     X 9.3 

*'                     .005     X 9.3 

*'                     .01       X 9.3 

.02       X 8.4 

Potassium  iodide         .002     X 9.3 

*'                     .005     X 9.3 

*'                     .01       X 8.8 

*'                     .02       X 9.3 

Potassium  nitrate       .002     X 8.4 

''                     .005     X 9.2 

''                     .01       X 8.6 

*'                     .02       X 8.8 

Ammonium  nitrate     .002     X 8.8 

'*                      .005     X 8.6 

**                     .01       X 8.6 

''                    .01       X 8.8 
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Salt  and  Cencentration  Polariscope  Beading 

Sodium   nitrate  .002  N 8.6 

''  .005  N 9.1 

'*  .01  N 9.1 

*'  .02  N 8.8 

Magnesium  nitrate  .002  N 9.2 

**  .005  N 8.8 

'*  .01  N 9.4 

*'  .02  N 8.9 

Calcium    nitrate      *  .002  N 8.4 

**  .005  N 8.8 

''  .01  N 8.6 

'*  .02  N 8.4 

Potassium   sulphate  .002  N 10.0 

*'  .005  N 17.8 

'*  .01  N 24.2 

"  .02  N 28.5 

Sodium    sulphate  .002  N 10.0 

'*  .005  N 17.5 

'«  .01  N 24.2 

*<  .02  N 28.6 

Ammonium  sulphate  .002  N 10.8 

'*  .005  N 17.2 

''  .01  N 23.1 

<<  .02  N 27.4 

Sodium   sulphite  .001  N 9.0 

''  .0025  N 12.0 

*'  .005  N 15.1 

*'  .01  N 21.2 

Potassium   oxalate  .001  N 13.5 

*'  .0025  N 21.2 

*'  .005  N 35.2 

"  .01  N 39.4 

Sodium    oxalate  .001  N 13.5 

''  .0026  N 21.2 

"  .005  N 35.7 

"  .01  N 39.2 

Potassium  acetate  .0002  N 15.1 

**  .0005  N 24.7 

*'  .001  N 35.3 

'*  .002  N 39.3 

Sodium  acetate  .0002  N 14.4 

*'  .0005  N 21.7 

''  .001  N 34.3 

'*  .002  N 39.3 
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Salt  and  Cencentration  Polariscope  Heading 

Magnesium  acetate    .0002  X 35.1 

*'  .0005  N 23.7 

'*  .001     N 33.7 

*'  .002     N 39.3 

Calcium   acetate  .0002  X 15.7 

''  .0005  X 24.0 

'*  .001     X 34.0 

*'  .002     X 37.3 


Effect  of  neutral  salts  in  dilute  solution  on  the  rate  of  inver- 
sion of  cane  sugar  by  .01  normal  oxalic  acid,  at  a  temperature  of 
97^-98*^0.  Initial  reading  of  sugar  solution  39.4"^  Ventzke ;  read- 
ing after  complete  inversion  — 11.0^  Ventzke;  time  of  heating,  30 
minutes;  in  the  absence  of  salts  the  reading,  after  30  minutes* 
heating,  varied  from  — ^9.0°  to  — 9.5°  Ventzke. 

Salt  and  Concentration  Polariscope  Reading 

Potassium    chloride    .002     X"^^ —9.7 

'*  .005     X —9.4 

'*  .01       X —9.7 

"  .02       X —9.4 

Sodium  chloride  .002  X —9.4 

**  .005  X —9.4 

*'  .01  X —9.7 

''  .02  X —9.4 

Magnesium  chloride  .002     X — 9.6 

''  .005     X —9.4 

''  .01       X —9.7 

*'  .02       X —10.0 

Potassium  bromide    .002  X —8.9 

*'  .005  X —9.0 

'*  .01  X —9.1 

**  .02  X —9.1 

Potassium  iodide        .002  X —8.9 

'<  .005  X —9.2 

'*  .01  X^ —9.2 

"  .C2  X —8.9 

Potassium  nitrate  .002     X —9.2 

''  .005     X —9.4 

*'  .01       X —9.6 

''  .02       X —9.4 

Sodium  nitrate  .002  X —9.3 

'*  .005  X —9.4 

*'  .01  X —9.6 

''  .02  X —9.4 
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Salt  and  Ceneentration  Polariscope  Beading 

Ammonium  nitrate     .002  N —8.8 

'*                     .005  N —8.9 

.01  N -9.0 

.02  N —8.9 

Potassium  sulphate    .002  N — 5 . 9 

.005  N —1,0 

'*                    .01  N 6.3 

*'                     .02  N 15.3 

Sodium   sulphate        .002  N — 6 . 7 

**                     .005  N —1.0 

*'                    .01  N 6.5 

'*                    .02  N 14.9 

Ammonium  sulphate  .002  N — 6.0 

.005  N —1.6 

.01  N 5.8 

**                    .02  N 14.6 

Magnesium  sulphate  .002  X — 7.2 

*'                     .005  N —4.6 

''                     .01  N 3.2 

''                     .02  N 10.8 


Effect  of  neutral  salts  in  dilute  solution  on  the  rate  of  inver- 
sion of  cane  sugar  by  .01  normal  phosphoric  acid,  at  a  temperature 
of  97"  C.-98°  C.  Initial  reading  of  sugar  solution  39.4^  Ventzke ; 
reading  after  complete  inversion — 11.0°  Ventzke;  time  of  heat- 
ing, 30  minutes;  in  the  absence  of  salts  the  reading,  after  30 
minutes,  varied  from  — .4°  to  — .8°  V  entzke. 

Salt  and  Concentration  Polariscope  Reading 

Potassium  chloride     .002     X 1.0 

**                     .005     N .4 

.01       N 1.0 

''                    .02       N .8 

Ammonium  chloride  .002  N .4 

**                    .005  N .8 

'*                     .01  N .4 

"                     .02  N .7 

Potassium    nitrate     .002  N .7 

*'  .005  N .2 

.01  N .8 

*'  .02  N .7 

Ammonium  nitrate    .002     N .6 

.005     N .6 

.01       N .6 

'*  .02       N .4 
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Salt  and  Cencentration  Polariscope  Beading 

Sodium  sulphate       .002  X 7.2 

**                     .005  N 14.7 

**                     .01  X 21.4 

**                     .02  X 28.3 

Ammonium  sulphate  .002  X 7.2 

'♦                     .005  X 12.1 

''                     .01  X 19.4 

**                     .02  X 25.3 

Potassium  oxalate    .001  X 4.2 

.0025  X 8.2 

**                     .005  X 19.7 

''                    .01  X 37.4 


Effect  of  neutral  salts  in  dilute  solution  on  the  rate  of  inversion 
of  cane  sugar  by  .01  normal  acetic  acid,  at  a  temperature  of  97^C.- 
98"^  C.  Initial  reading  of  sugar  solution  39.4°  Ventzke ;  reading 
after  complete  inversion  — 11.0°  \'entzke;  time  of  heating,  30 
minutes;  in  the  absence  of  salts  the  reading,  after  30  minutes, 
varied  from  27.2°  to  28.0^  X^entzke. 

Salt  and  Concentration  Polariscope  Reading 

Sodium    chloride  .002  X 27.7 

*'  .005  X 27.5 

*'  .01  X 27.2 

'*  .02  X 27.4 

Barium  chloride         .002  X 27.7 

.005  X 27.7 

**  .01  X 27.0 

**  .02  X 26.5 

Potassium  bromide    .002  X 27.0 

*'  .005  X 27.1 

.01  X 26.4 

''  .02  X 27.7 

Potassium  iodide       .002  X 28 . 7 

**  .005  X 27.7 

''  .01  X 27.3 

''  .02  X 27.3 

Potassium    nitrate      .002  X 27 . 4 

''  .005  X 27.5 

.01  X 27.7 

*'  .02  X 27.4 

Sodium    sulphate  .002  X 29.5 

*'  .005  X 31.4 

''  .01  X 33.2 

*'  .02  X 34.5 
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Salt  and  Ceneentration  Polariscope  Beading 

Magnesium  sulphate  .002  N 28.6 

*'  .005  N 30.1 

.01  N 31.1 

''  .02  N 32.2 

Sodium   acetate  .002  N 31.8 

'*  .005  N 33.8 

*'  .001  N 35.7 

*'  .002  N 37.2 

The  results  of  this  series  of  experiments  may  be  thus  sum- 
marized : 

1.  In  concentration  up  to  .02  X,  the  chlorides,  bromides,  and 
iodides  of  the  alkahes  and  alkaHne  earths  have  no  effect  on  the 
rate  of  inversion  of  cane  sugar  by  hydrochloric,  sulphurc,  oxalic, 
phosphoric,  or  acetic  acids. 

2.  The  sulphates,  oxalates,  sulphites,  and  acetates  materially 
retard  inversion  in  dilute  solution.  The  retardation  is  evidently 
connected  with  the  strength  of  the  acid  as  understood  in  the  ionic 
hypothesis. 

3.  The  retardation  increases  with  the  amount  of  salt  present; 
but  owing  to  experimental  imperfections,  no  attempt  is  made  to 
deduce  any  law  from  this  series. 

4.  No  difference  is  detectable  as  regards  the  action  of  the 
bases  of  the  alkalies  and  alkaline  earths. 

5.  Ammonium  salts  in  dilute  solution  at  the  temperature  of 
boiling  water  behave  precisely  as  the  salts  of  the  alkalies  and 
alkaline  earths. 

Action  of  Chlorides  of  the  Alkalies  in  Concentrated 
Solution. — To  make  trial  of  this  point,  I  made  an  experiment  of 
the  effect  of  sodium  chloride  in  more  concentrated  sol.ition  on 
the  rate  of  inversion  of  very  dilute  hydrochloric  acid,  and  obtained 
the  following  results : 

The  initial  reading  of  the  sugar  solution  was  40.8.    After  half 
an  hour's  heating  at  97°  C.  to  98^  C.  in  the  presence  of   ^5^ 
hydrochloric  acid  and  the  quantity  of  sodium  chloride  as  shown 
below  the  polarizations  were: 

Concentration  of  Salt.  Polarization. 

0  —  7.4 

.08  N  —  8.1 

.4     X  —  9.4 

.8     X  —  9.8 

1        X  —10.1 
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Hence  with  more  concentrated  solutions  of  chloride  the  accelera- 
tion of  the  salt  on  inversion  is  readily  detectable. 

The  Action  of  Salts  in  Conckntrated  Solution  on  the 
Rate  of  Inversion  of  Cane  Sugar  at  Ordinary  Temperatures 
Under  the  Influence  of  Acids  in  More  Concentrated  Solu- 
tions.— Although  such  a  state  of  affairs  as  indicated  in  the  above 
heading  does  not  ever  obtain  in  the  process  of  manufacture  of 
cane  sugar,  yet  I  thought  some  little  time  thereon  spent  might  not 
be  altogether  wasted,  since  the  influence  of  alkali  dissolved  from 
the  flasks  used,  could  be  thus  eliminated. 

The  experiments,  the  results  of  which  are  given  below,  were 
made  as  follows:  Twenty-five  cubic  centimeters  of  a  solution  of 
cane  sugar  and  20  cc.  of  a  2  N  solution  of  salt  were  placed  in  a 
50  cc.  flask.  These  flasks  and  their  contents  were  allowed  to 
stand  over  night  to  ensure  all  being  at  the  same  temperature. 
There  was  then  added  to  each  5  cc.  of  2  N  acid,  the  flasks  being 
shaken  after  the  addition.  Between  the  addition  of  the  acid  to 
each  flask  one  minute  was  allowed  to  elapse.  On  taking  the  polari- 
scope  reading,  one  minute  was  also  allowed  to  elapse  between 
each  reading  so  that  the  time  interval  was  the  same  in  all  cases. 

Three  series  of  experiments  gave  the  results  as  shown  in  the 
following  table : 


Concentration  of  Acid 
and  of  Salt. 

.2  N  hydrochloric  acid 

phis  .8  N  lithium  chloride 

sodium    chloride 

potassium  chloride... 
ammonium  chloride., 
magnesium  chloride.. 

calcium  chloride 

strontium    chloride. . 

barium   chloride 

lithium    bromide 

sodium    bromide 

potassium  bromide. . 
ammonium  bromide., 
magnesium    bromide. 

calcium  bromide 

strontium    bromide... 

barium    bromide 

lithium  iodide 

sodium    iodide 

potassium  iodide.... 
ammonium    iodide. . . 

calcium   iodide 

barium    iodide 


Rate  of  Inversion. 
II.        III. 
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i  I 
i  { 
i  I 
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I  ( 

I I 
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it 
i  i 

1 1 
i  I 

t  i 
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1 1 

1 1 
t  ( 
i  I 
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i  t 

1 1 
i  I 
i  I 

i  t 

1 1 
*  i 
It 
1 1 
1 1 
i  t 
1 1 
i  t 
i  t 
i  t 


I. 

1.000 
1.423 
1.380 
1.373 
1.342 
1.370 
1.376 
1.376 
1.370 
1.539 
1.550 
1.506 
1.486 
1.500 
1.527 
1.520 
1.500 


1.000 
1.403 
1.410 
1.389 
1.371 


1  566 
1.559 
1.559 
1.506 


1.000 
1.446 
1.414 
1.393 
1.362 
1.393 
1.404 
1.396 
1.393 
1.567 
1.57S 
1.532 
1.510 


1.633 
1.668 
1 .645 
1.699 
1.664 


1(^40  . . 

1.640  1.647 

1.640  1.684 

1.640  1.659 
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The  increase  in  the  rate  of  inversion  in  the  above  table  is  ex- 
pressed differently  from  that  in  the  results  due  to  Arrhenius  and 
quoted  on  page  13.  1  have  not  attempted  to  determine  (under  the 
ionic  hypothesis)  the  reduction  in  the  concentration  of  the  hydro- 
gen ions  due  to  the  neutral  salt,  assuming  indeed  the  existence  of 
such  bodies ;  the  results  shown  above  give  the  actual  increase  in 
the  rate  of  inversion  and  not  what  the  increase  would  be  assuming 
that  it  is  the  hydrogen  ions  to  which  the  inversion  is  solely  due. 

The  conclusions  to  be  drawn  from  this  series  of  experiments 
are  as  follows : 

1.  The  chlorides,  bromides,  and  iodides  of  the  alkali  ond  alka- 
line earths,  in  solutions  of  about  normal  strength,  accelerate  the 
rate  of  inversion  of  cane  sugar. 

2.  The  influence  of  the  bases  is  very  nearly  the  same  in  all 
cases  for  the  metals  of  the  alkalies  and  alkaline  earths. 

3.  There  is  a  progressive  rise  in  the  increase  of  the  rate  of  in- 
version from  chlorides  to  bromides,  and  from  bromides  to  iodides. 

4.  Taking  the  rate  of  inversion  due  to  .2X  Hydrochloric  acid 
as  equal  to  unity  and  taking  the  average  in  each  series  cf  all  the 
chlorides,  bromides  and  iodides,  the  following  results  are  obtained : 

Velocity  of  reaction  I.         11.  TIL    Average. 

due  to  .2  N  H  cl 1.000  1.000  1.000     1.000 

-f   .8  X  chloride    1.380  1.394  1.409     1.394 

*'  -f  .8  N  bromide    l.o28  1.547  1.548     1.542 

-h  .8  N  iodide     1.662  1.640  1.666     1.656 


<  i 


In  the  series  of  experiments  with  dilute  acids  and  salts  a  con- 
nection between  the  strength  of  an  acid  and  the  retardation  of  the 
rate  of  inversion  by  its  salts  was  noted.  It  then  became  a  matter 
of  .some  interest  to  determine  the  relative  rates  of  inversion  due  to 
hydrochloric,  hydrobromic,  and  hydriodic  acids.  The  reference 
books  at  my  disposal  gave  the  rate  of  inversion  of  cane  sugar  by 
hydrobromic  acid  as  1.14,  that  of  hydrochloric  acid  being  taken  as 
imity.  No  mention  w^as  made  of  the  rate  of  inversion  of  cane 
sugar  by  hydriodic  acid.  I  accordingly  prepared  hydrobromic 
and  hydriodic  acids,  and  made  a  comparison  of  the  rate  of  inver- 
sion of  these  acids,  using  the  routine  already  described  (p.  10)  : 

Rate  of  inversion  of  .2  N  hydrochloric    acid 1.000 

**  '*  ''     .2  X  hydrobromic      **     1.054 

**  *<  ''    .2  X  hydriodic  ''     1.103 

Incre.\se  in  Velocity  of  Inversion  Due  to  the  Presence  of 
XiTR.\TES. — The  strength  of  hydrochloric  acid  (in  the  ionic  sense) 
being  the  same  as  that  of  nitric  acid,  it  w^as  of  some  interest  to 
compare  the  increase  in  the  rate  of  inversion  due  to  the  presence 
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of  nitrates.  Using  the  chlorides  and  nitrates  of  sodium,  potas- 
sium, and  ammonium  in  .8  normal  solution,  and  hydrochloric  acid 
in  .2  normal  solution,  I  obtained  the  following  results : 

Series  I.      Series  II. 

Velocity  of  inversion  due  to  chlorides 1.000  1.000 

Velocity  of  inversion  du3  to  nitrates 1.008  .996 

Action  of  Sulphates. — A  series  of  experiments  made  with 
sulphates  exactly  as  described  on  page  24,  gave  the  following 
results : 

Concentration   of  Acid  Rate  of 

and  of  Salt.  Inversion. 

.2  N  hydrochloric  acid 1.000 

*  *  plus  .8  N  lithium  sulphate 347 

'*  *  *     .8  N  sodium   sulphate 352 

'  ^  '  *      .8  N  potassium  sulphate 360 

*'     .8  N  ammonium  sulphate 342 

.8  N  magnesium  sulphate 412 


Whereas  with  the  halides  no  difference  was  detected  as  between 
the  action  of  the  salts  of  the  alkalies  and  of  the  alkaline  earths,  the 
retardation  due  to  magnesium  sulphate  was  distinctly  less  than 
that  due  to  the  sulphates  of  the  alkalies ;  this  result  was  obtained 
in  duplicate. 

Influence  of  Varying  Amotnts  of  Salt  on  the  Rate  of 
Inversion. — The  results  I  gave  previously  on  page  23  showed 
that  with  an  increasing  amount  of  neutral  salt  the  re- 
tardation of  the  rate  of  inversion  increased.  Own'ng  to  the 
presence  of  uncontrollable  experimental  errors,  this  series  was 
not  suitable  for  obtaining  an  expression  of  the  nature  of  this  in- 
crease. I  accordingly  examined  this  action  in  more  concentrated 
solutions,  allowing  the  inversion  to  take  place  in  the  cold.  The 
experiments  were  made  as  follows : 

Fifty  cubic  centimeters  of  a  sugar  solution,  5,  10,  15,  20,  25, 
cc.  of  a  solution  of  the  salt  in  question  and  10  cc.  of  acid  were 
placed  in  Ehrlenmeyer  flasks  together  with  sufficient  water 
to  complete  the  volume  to  100  cc.  All  solutions  had 
been  made  up  24  hours  previously,  so  that  all  were  at 
the  same  temperature.  After  a  suitable  interval  polari- 
scope  tubes  were  filled  and  the  reading  taken.  Readings  were 
then  taken  at  intervals  of  about  2  hours  until  five  readings  had 
been  taken.  As  before,  an  interval  of  one  minute  was  allowed 
between  placing  the  acid  in  each  flask  and  between  the  corre- 
sponding readings.  The  initial  reading  and  final  reading  required 
for  the  calculation  of  the  constant  were  obtained  in  separate  solu- 
tions, the  initial  reading,  however,  being  taken  in  the  absence  of 
acid. 
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ACTION  OF  AMMONIUM  NITRATE  ON  THE  RATE  OF  INVERSION 
OF  CANE  SUGAR  BY  .2  NORMAL  NITRIC  ACID  AT  -f  27°  C. 


Acceleration 

due 

Concentration 

Velocity  of 

to  Presence  of 

Acceleration    -f 

of  Salt. 

Reaction. 

Salt. 

Concentration. 

0 

1.000 

•  •  •   • 

•   •  • 

.5 

1.215 

.215 

.407 

N 

1.399 

.399 

.399 

1.0  N 

1.603 

.603 

.402 

2.0  N 

1.804 

.804 

.402 

2.5  N 

2.060 

1.060 

.424 

ACTION  OF  SODIUM  NITRATE  ON  THE  RATE  OF  INVERSION  OF 
CANE  SUGAR  BY  .2  NORMAL  HYDROCHLORIC 

ACID  AT  -h  27°  C. 


Acceleration 

due 

Concentration 

Velocity  of 

to  Presence  of 

Acceleration    -f- 

of  Salt. 

Reaction. 

S^lt. 

Concentration. 

0 

1.000 

•    •   •    • 

•   •   • 

.5  N 

1.210 

.210 

405 

N 

1.443 

.443 

443 

1.5  N 

1.650 

.650 

.433 

2.0  N 

1.956 

.956 

.478 

2.5  N 

2.195 

1.195 

.478 

ACTION  OF  SODIUM  CHLORIDE  ON  THE  RATE  OF  INVERSION  OF 
CANE  SUGAR  BY  .2  NORMAL  HYDROCHLORIC 

ACID  AT  -f  27°  C. 

Acceleration  due 

Concentration  Velocity  of  to  Presence  of      Acceleration    -?- 

of  Salt.  Reaction.  Salt.                  Concentration. 

0  1.000                             

.5  N  1.207  .207                          .403 

N  1.^15  .415                          .415 

1.5  N  1.615  .615                          .410 

2.0  N  1.913  .913                          .456 

2.5  N  2.187  1.187                          .475 

ACTION  OF  AMMONIUM  SULPHATE  ON  THE  RATE   OF  INVER- 

SION    OF    CANE    SUGAR    BY    .2    NORMAL 

NITRIC  ACID  AT  4-  27°  C. 

Retardation  -^ 

4        _  _       

|/ Concentration. 

.662 
.718 
.656 
.664 
.645 


Concentration 

Velocity 

of 

Retardation  due 

of  Salt. 

Reaction. 

to  Salt. 

0 

1.000 

•   •   •   • 

.5  N 

.443 

.557 

N 

.282 

.718 

1.5  N 

.230 

.770 

2.0  N 

.208 

.792 

2.5  N 

.196 

.804 
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ACTION  OF  SODIUM  SULPHATE  ON  THE  RATE  OF  INVERSION 
OF  CANE  SUGAR  BY  .4  NORMAL  SULPHURIC 

ACID  AT  -h  27°  C. 


Concentration 

Velocity  of 

Retardation 

due 

Retardation  -r- 

of  Salt. 

Reaction. 

to  Salt. 

4 

\'  Concentration. 

0 

1.000 

•    •   •   • 

•    ■   ■ 

.2  N 

.560 

.440 

.692 

.4  N 

.415 

.585 

.732 

.6  N 

.360 

.640 

.726 

.8  N 

.323 

.677 

.715 

N 

.304 

.696 

.696 

Inspection  of  these  results  show  that  with  the  chlorides  and 
nitrates  the  acceleration  of  the  rate  of  inversion  is  proport-'onal  to 
the  concentration  of  the  salt;  with  the  sulphates,  however,  the 
retardation  of  the  rate  of  inversion  increased  less  rapidly  than 
does  the  concentration ;  trial  and  error  showed  that  approximately 

Retardation 

the  relation      ^ZZZ  ^  =  constant  held. 

^Concentration 

As  this  series  did  not  cover  a  very  wide  limit  in  the  concentra- 
tion of  salt,  I  then  made  a  series  of  determinations  with  .2  N 
hydrochloric  acid  and  ammonium  sulphate  in  concentration  from 

Retardation 

.1  N  to  2.5  N.     It  was  found  that-the  relation      ^  ~lliri~r 

V  Concentration 

=  constant  held  from  .5  N  to  2.5  N;  between  .  1  N  and  .2  N  retarda- 
tion is  proportional  to  the  concentration  of  the  salt. 

The  results  are  given  in  the  following  table  and  graphically  in 
the  curve  in  the  annexed  figure : 


Retardation  -»- 

Concentration 

Velocity  of 
Reaction. 

Retardation  due 
to  Salt. 

4 

of  Salt. 

V  Concentration 

0 

1.000 

•    •   •   • 

• 

•   •   • 

.1  N 

.833 

.167 

.297 

.2  N 

.687 

.317 

.443 

.4  N 

.523 

.467 

.600 

.5  N 

.450 

.550 

.698 

.6  N 

.405 

.595 

.703 

.8  N 

.338 

.662 

.702 

X 

.293 

.707 

.707 

1.5  N 

.225 

.775 

.702 

2.0  N 

.192 

.808 

.679 

2.5  N 

.184 

.816 

.648 

The  Action  of  Glucose  on  the  Inversion  of  Cane  Sugar. — 
In  a  classical  series  of  papers  dealing  with  the   formation  of 
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molasses,  Prinsen  Geerligs"  had  occasion  to  investigate  very 
closely  the  action  of  glucose  on  the  inversion,  particularly  as  con- 
tradictory results  had  been  found  by  earlier  investigators.  He 
investigated,  amongst  others  the  action  of  the  following  salts: 
sodium  chloride,  potassium  chloride,  potassium  bromide,  potassium 
iodide,  sodium  sulphate,  potassium  nitrate,  barium  nitrate,  mag- 
nesium sulphate,  magnesium  chloride, — all  of  which  he  found 
caused  inversion  of  cane  sugar  when  heated  to  the  temperature  of 
boiling  water  in  the  presence  of  glucose.  The  salts  of  ammonia, 
including  the  chloride,  nitrate,  sulphate  and  oxalate,  inverted  cane 
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sugar  on  heating  both  in  the  absence  and  in  the  presence  of 
glucose.  In  his  experiments  he  used  the  following  proportions 
of  sucrose  and  of  glucose : 

49%  sucrose  50%  water  1%  glucose 


34%  **  33%  '*  33% 

50%  ''  50%  '' 

49.5%  *'  50%  ''  5%       *' 

45%  ''  507o  "  5%       " 

40%  '*  35%  '*  25%       '* 

Invariably  in  the  pres^ence  of  glucose  he  found  very  considerable 
quantities  of  sugar  inverted  which  increased  with  the  amount  of 
glucose  present  and  was  most  pronounced  with  magnesium  chlo- 
ride and  barium  nitrate.  In  his  experiments  the  salts  were  present 
in  quantity  about  6%  on  the  weight  of  the  whole  solution.  This 
mvertive  action  of  salts  and  glucose  he  explains  as  due  to  glucose 
having  the  properties  of  a  weak  acid,  and  in  the  case  of  sodium 
chloride,  for  example,  setting  free  a  minute  trace  of  hydrochloric 
acid  to  which  the  inversion  is  due. 

In  my  experiments  I  had  always  found  a  retarding  action  in 
the  case  of  sulphates. — that  is  to  say  in  so  far  as  regards  the  action 
of  the  sulphates  of  the  alkalies  and  the  inversion  of  cane  sugar, — 
they  are  to  be  regarded  as  alkaline  salts.  Accordingly,  I  thought 
then  that  the  action  of  glucose  and  salts  on  cane  sugar  at  high 
temperatures  would  bear  examination.  I  then  prepared  approxi- 
mately 50%  solutions  of  sucrose  and  glucose,  and  of  these  I 
mixed  equal  quantities.  Quantities  of  salts  equal  to  normal 
weight  in  110  cc.  were  then  weighed  out  into  ordinary  sugar 
flasks  and  the  salts  were  dissolved  in  the  mixed  sugar  and  glucose 
solution  and  the  volumes  completed  to  110  cc.  From  these  solu- 
tions carefully  calibrated  30  cc.  flasks  were  filled.  One  of  these 
served  as  the  blank,  and  one  was  maintained  in  a  water  bath  at 
the  temperature  of  boiling  water  for  thirty  minutes.  Both  check 
and  heated  solutions  were  then  transferred  to  carefully  calibrated 
litre  flasks,  and  the  glucose  determined  in  20  cc.  of  the  diluted 
material.     The  results  I  found  were  as  follows: 

(ihicose  per  1  cc.  Glucose  per  1  cc. 

Salt.                                             Original  l:?olution  Original  Solution 

Before  Heating.  After  Heating. 

Sodium  chloride .2055  .2674 

Sodium  nitrate   .2024  .2649 

Potassium  chloride   .2649  .2647 

Potassium  nitrate .2629  .2626 

I'otassium  iodide .2554  .2547 

Magnesium  chloride   .2568  .2.587 

Magnesium  sulphate    .2694  .2712 

Sodium  sulphate    .2497  .2453 
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The  inference  from  this  experiment,  which  was  repeated  in 
duplicate  with  similar  results,  is  that  the  inversion  of  cane  sugar 
at  high  temperatures  under  the  combined  influence  of  glucose  and 
neutral  salts  does  not  happen.  Geerligs  used  invert  sugar  in  his 
experiments  and  in  those  described  above  I  had  employed  Khal- 
baum's  c.p.  dextrose.  Thinking  that  the  inversion  observed  by 
Geerligs  might  have  been  due  to  the  levulose  of  the  invert  sugar, 
I  inveited  a  50%  solution  of  sucrose  by  heating  it  with  sulphuric 
acid  in  .2  N  concentration.  The  temperature  was  not  allowed  to 
rise  above  70°  C.  and  a  pale  yellow  invert  sugar  syrup  resulted. 
This  was  neutralized  with  barium  carbonate,  boiled  to  expel  car- 
bonic dioxide,  and  filtered  free  from  the  precipitated  sulphate  and 
excess  of  carbonate.  Equal  quantities  of  this  solution  and  a  50% 
sucrose  solution  were  mixed  and  normal  weight  of  different  salts 
dissolved  in  the  mixture  as  previously  described.  The  results  I 
obtained  were  as  follows: 

Invert  Supar  per  Invert  Sugar  per 

1  ce.  Original  1  cc.  Original 

Salt.                                               Solution  Before  Solution  After 

Heating.  Heating. 

Sodium  nitrate   .2375  .2371 

Potassium  nitrate  .2412  .2409 

Sodium  chloride   .2415  .2415 

Potassium  chloride   .2418  .2398 

Sodium  sulphate    .2154  .2120 

Magnesium  sulphate   .2286  .2284 

From  these  two  series  of  determinations  only  one  conclusioji  is 
to  be  drawn,  and  that  is  that  the  inversion  of  cane  sugar  under 
the  combined  influence  of  dextrose  or  levulose  does  not  exist. 

The  Action  of  Ammonium  Salts  on  Inversion, — It  is  well 
known  that  solutions  of  ammonium  salts  on  boiling  become  acid 
and  have  an  invertive  effect  on  cane  sugar. 

The  following  data  were  found  with  a  concentration  of  ammo- 
nium salt  of  .2  N  and  heating  at  a  temperature  of  97^  C.-98°  C. 
for  60  minutes,  the  constant  being  expressed  with  reference  to 
common  logarithms,  and  a  time  unit  of  minutes : 

Salt. 

Ammonium  nitrate 00145 

Ammonium  chloride   OOloS 

Ammonium  bromide 00178 

Ammonium  sulphate 00023 

After  an  hour's  heating  at  this  temperature  the  solutions  were 
still  neutral  to  azolitmin  paper,  and  it  was  found  possible  to  obtain 
inversion  of  cane  sugar  after  the  addition  of  sufficient  ammonia  to 
impart  an  alkaline  reaction  to  the  solution,  this  alkaline  reaction 
being  still  apparent  after  heating  for  an  hour.    Previously  it  had 
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been  found  that  dilute  solutions  of  ammoniuni  sulphate  at  high 
temperatures  retarded  inversion,  and  Concentrated  solutions  also 
retarded  inversion  at  low  temperatures,  and  that  dilute  solutions 
of  the  halides  and  nitrates  had  no  appreciable  effect  at  high  tem- 
peratures, and  an  accelerating  effect  in  concentrated  solution  at 
low  temperatures.  In  fact,  in  every  way  they  were  similar  in 
action  to  the  salts  of  the  alkalies. 

Now,  since  concentrated  solutions  of  ammonium  sulphate  in  the 
cold  retard  inversion,  and  at  elevated  temperatures  invert  of  them- 
Felves,  there  must  be  sonic  temperature  at  which  ammonium  sul- 
phate must,  so  far  as  regards  the  inversion  of  cane  sugar,  be  re- 
garded as  a  neutral  salt.  In  the  language  of  the  ionic  hypothesis 
ammonium  sulphate  must,  dependent  on  temperature  either  dimin- 
ish the  amount  of  hydrogen  ions  or  increase  their  number.  P'rom 
another  point,  the  action  of  ammonium  salts  is  very  peculiar.  In 
the  development  of  the  ionic  hypothesis  ammonia  is  regarded 
as  a  very  weak  base  when  compared  with  the  alkalies,  its  rela- 
tive strength  being  but  2,  when  that  of  lithia  is  put  equal  to  100. 
Now,  the  results  I  have  obtained  point  towards  there  being  a  con- 
nection between  the  strength  of  the  acid  and  the  effect  exerted 
by  the  salt.  Conversely,  a  similar  relation  would  be  expected 
when  the  nature  of  the  base  varies:  that  this  is  so  is  from  the 
experiments  as  the  inversion  of  cane  sugar  by  salts  due  to  Long®. 
It  would  then  be  expected  that  ammonium  salts  would  have  a 
very  different  effect  from  the  salts  of  tlie  alkalies.  Actually,  tlieir 
effect  is  very  similar  in  dilute  solutions  at  high  temperatures  and 
in  concentrated  solutions  at  low  temperatures.  Looked  at  in  this 
way,  ammonia  must  be  regarded  as  a  base  of  similar  strength  to 
the  alkalies. 

The  Effect  of  Xeutralizatio.x  of  an  Acid  ox  the  Rate  of 
Inversion. — It  follows  from  the  experiments  described  above  that 
if  a  solution  of  cane  sugar  in  the  presence  of  a  halide  acid  or  of 
nitric  acid  be  partly  neutralized  that  the  rate  of  inversion  will  not 
decrease  in  proportion  to  the  amount  neutralized.  Conversely,  in 
the  presence  of  sulphuric  acid  or  of  most  other  acids  neutraliza- 
tion of  a  part  of  the  acid  will  decrease  the  rate  of  inversion  in 
greater  proportion  than  the  amount  neutralized.  This  is  seen  in 
the  following  experiments : 

1.  To  25  cc.  of  sugar  solution  contained  in  a  50  cc.  flask,  five 
lots  of  10  cc.  of  X.  hydrochloric  acid  were  added.  This  was 
immediately  followed  by  2,  4,  6.  8  cc.  of  N  soda;  to  four  other 
.'^imila^  flasks  2,  4,  6,  8  cc.  of  N  hydrochloric  acid  were  added. 
The  contents  of  the  flasks  were  at  once  filled  to  50  cc.  and 
polarized  after  a  suitable  interval.    The  results  obtained  were : 
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HYDBOCHLOBIC  ACID. 


C.  c.  N 

aeid 

C.  c. 

X  alkali 

Free 

Velocity  of 

per  50 

c.  e. 

per 

50  t.  c. 

Acid. 

Inversion. 

10 

0 

10 

1.000 

10 

2 

8 

.905 

10 

4 

6 

.7a5 

10 

6 

4 

.443 

10 

8 

2 

.253 

8 

0 

8 

.779 

6 

0 

6 

.564 

4 

0 

4 

.380 

2 

0 

2 

.176 

SULPHURIC  ACID. 


C,  c.  N  acid 

C.  c. 

N  alkali 

Free 

Velocity  of 

per  50  c. 

e. 

per 

50  c.  c. 

Aeid. 

Inversion. 

10 

0 

10 

1.000 

10 

2 

8 

.676 

10 

4 

6 

.468 

10 

6 

4 

.285 

10 

8 

.057 

8 

0 

8 

.808 

6 

0 

2 

.562 

4 

0 

4 

.333 

2 

0 

.198 

OXALIC  ACID. 


C.  c.  N  acid 

C.  c. 

N  alkali 

Free 

Velocity  of 

per  50  c. 

c. 

per 

50  c.  c. 

Acid. 

Inversion. 

10 

0 

10 

1.000 

10 

2 

8 

.615 

10 

4 

6 

.198 

10 

6 

4 

.024 

10 

8 

2 

0 

8 

0 

8 

.785 

6 

0 

6 

.540 

4 

0 

4 

.343 

2 

0 

2 

.164 

PHOSPHORIC  ACID. 


C.  c.  X  acid 

C.  c. 

X  alkali 

Free 

Vel 

locity  of 

per  50  c. 

c. 

per 

50  c.  c 

Acid. 

In 

version. 

10 

0 

10 

1.000 

10 

2 

8 

.581 

10 

4 

6 

V€ 

!ry  small 

10 

6 

4 

0 

10 

8 

2 

0 

8 

0 

8 

.868 

6 

0 

6 

.699 

4 

0 

4 

.540 

2 

0 

2 

.345 
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ACETIC  ACID. 

C.  c.  N  acid 

C.  c. 

N  alkali 

Free 

Velocity  of 

per  50  c. 

c. 

per 

50  c.  c. 

Acid. 

Inversion. 

10 

0 

10 

1.000 

10 

2 

8 

.041 

10 

4 

6 

Very  small 

10 

6 

4 

0 

10 

8 

2 

0 

8 

0 

8 

.945 

6 

0 

6 

.832 

4 

0 

4 

.592 

2 

0 

2 

.423 

On  the  Process  of  Making  Consumption  Sugars. — The 
manufacture  of  white  or  yellow  grocery  sugars  for  direct  con- 
suniption  is  an  industry  which  is  of  very  small  magnitude  in  these 
islands,  but  is  one  which  is  followed  on  a  large  scale  elsewhere. 
The  routine  followed  in  Java  has  lately  been  described  by  Prinsen 
Geerligs.^    Briefly  the  scheme  there  followed  is : 

"The  method  of  working  at  present  in  vogue  in  Java  is  as  fol- 
lows: The  mill  juice  is  tempered  in  the  cold  with  15°  Be.  milk- 
of-lime  at  the  rate  of  5  to  6  liters  for  every  ICOO  liters  of  the  juice ; 
then  sulphur  oven  gases  introduced  until  the  reaction  is  just 
neutral,  which  point  is  determined  by  phenolphthalein  paper. 
This  neutralized  juice  is  next  passed  through  the  juice-heaters, 
where  it  is  heated  to  boiling  point,  then  into  the  defecators.  After 
separating  the  impurities  by  decantation  the  clear  juice  is  con- 
ducted to  the  evaporators,  whilst  the  subsided  mud  is  sent  through 
the  filter-presses,  and  the  resulting  clear  liquor  united  with  that  in 
the  evaporators." 

In  Mauritius  a  somewhat  similar  procedure  is  followed  with 
the  additional  use  of  phosphoric  acid.  The  juice*  was  limed  and 
sulphured  cold,  the  resulting  juice  being  very  nearly  neutral. 
After  the  usual  process  of  settling  had  been  gone  through,  phos- 
phoric acid  was  added  to  the  clarified  juice  in  quantity  up  to  1% 
on  the  juice.  The  juice  was  now  of  a  peculiar  brownish  olive 
green  color  and,  using  phenolphthalein  as  an  indicator,  possessed 
an  acidity  of  about  1.5  cc.  N  acid  per  100  cc.  of  juice.  With  such 
an  acidity  repeated  tests  failed  to  detect  any  inversion,  i.e.  such 
juices  heated  for  30  minutes  in  a  bath  of  boiling  water  main- 
tained their  original  polarization. 

In  Demerara  a  very  similar  process  was  followed,  with  the 
exception  that  the  juices  there  had  a  considerably  greater  acidity 
which  in  my  experience  has  reached  as  high  as  3  cc.  N  acid  per 


*  That  is  to  say,  in  certain  factories  with  which  the  writer  was  once  connected. 
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100  cc.  of  juices.  These  juices  when  looked  at  in  a  test  tube  of 
about  }^  inch  diameter  were  almost  colorless. 

From  what  has  already  been  written,  it  will  be  at  once  apparent 
that  the  degree  of  acidity  allowable  without  inversion  will  depend 
not  only  on  the  free  acid  present,  but  also  on  the  neutral  salts. 
The  amount  of  neutral  salts  will  be  connected  with  the  quantity 
originally  present  and  with  the  amount  of  lime,  sulphur,  and 
phosphoric  acid  used.  Thus  a  juice  heavily  limed  and  neutralized 
with  sulphurous  acid  will  contain  a  maximum  of  neutral  salt 
present  as  calcium  sulphite.  To  such  a  juice  a  larger  quantity  of 
phosphoric  acid  can  be  added  without  inducing  inversion  than  if 
less  lime  and  sulphur  had  been  originally  used.t 

To  obtain  data  on  this  point,  I  conducted  the  following  series 
of  experiments  with  dilute  acids  at  temperatures  of  from  97°  C. 
to  98^  C.  The  experiments  were  designed  to  determine  the  point 
at  which  inversion  was  inhibited  entirely  by  the  presence  of  neu- 
tral salts  with  varying  amounts  of  free  acid. 

In  the  first  series  2,  2.2,  2.4,  etc.,  cc.  cf  .2  N  phosphoric  acid 
was  added  to  25  cc.  of  a  20'/f  solution  of  cane  sugar,  then  fol- 
lowed by  the  addition  of  .2,  .4,  .6,  etc.,  cc.  of  .2  X  caustic  soda. 
A  series  of  such  solutions  was  made  up  to  50  cc.  and  heated  on 
the  water  bath  for  30  minutes.  After  cooling  they  were  polarized 
and  the  point  at  which  inversion  stopped  was  noticed.  The 
results  given  below  in  tabular  form  show  the  point  at  which  in- 
version was  detectable  with  half  an  hour's  heating  at  97°  C.  to 
98^  C. 

Acid 


cc    f^   Phosphoric 

cc. 

jTj  Soda 

Excess 

of  free   jxy 

Acid  in  100 

cc. 

in 

100  cc. 

in 

100  cc. 

12.8 

4.8 

8 

25.6 

9.6 

16.0 

38.4 

14.4 

26.0 

48.0 

16.0 

32.0 

62.0 

22.0 

40.0 

Hence,  depending  on  the  amount  of  neutral  salts,  inversion  may 
begin  with  an  amount  of  free  acid  varying  from  8  cc.  y^,  to  40  cc. 
jxf  acid  per  ICO  cc,  depending  entirely  upon  the  amount  of 
neutral  salt  present. 

Experiments  With  Juice. — I  then  made  a  series  of  experi- 
ments with  cane  juices  to  determine  with  what  amount  of  acidity 


t  In  my  experience  of  white  sugar  manufacture,  I  have  noticed  that  the  beauty  of 
the  crystals  seems  to  depend  largely  on  the  amount  of  free  acid  present  in  the  juices. 
This  is  distinctly  known  to  many  sugar  boilers  who  often  have  a  practice  of  adding 
a  very  large  quantity  of  lime  to  the  juice  followed  by  what  in  other  cases  would  be  a 
dangerous  excess  of  sulphurous  or  phosphoric  acid.  Actually,  they  are  thus  working 
juices  with  a  large  amount  of  free  acid  in  the  presence  of  their  neutral  salts 


i6 

a  juice  could  be  worked  without  inversion  occurring.  A  differ- 
ence exists  here  between  the  experiment  above  detailed  with  acid 
and  its  neutral  salt  owing  to  the  initial  presence  of  neutral  salts 
in  cane  juices.  The  cane  juice  itself  was  exactly  neutral  to 
azolitmin  paper,  and  when  heated  for  30  minutes  at  97^  C.  to 
98"^  C.  inversion  became  detectable  in  the  presence  of  6  cc.  ^o 
phosphoric  acid  per  100  cc.  of  juice. 

In  order  to  use  quantities  of  salts  and  acids  comparable  with 
those  used  in  practice,  1  calculated  as  follows:  The  amount  of 
sulphur  used  in  factories  using  sulphurous  acid  reaches  up  to  a 
maximum  of  5  lbs.  per  1000  imperial  gallons  of  juice.  This  is  the 
largest  quantity  I  have  ever  seen  used.  This  quantity  corresponds 
roughly  to  a  concentration  of  .03  ,\  sulphur.  The  minimimi 
quantity  used  is  about  one-third  of  this  and  would  correspond  to 
a  concentration  of  .01  N.  I  accordingly  limed  a  juice  till  it  was 
just  alkaline  to  phenolphthalein  and  added  thereto  sodium  sul- 
phite, so  that  the  concentration  was  (a)  .01  N,  (b)  .02  N,  (c) 
.04  N.  To  these  juices  I  then  added  2,  4,  6,  etc.,  cc.  of  jg  phos- 
phoric acid  and  determined  at  what  concentration  of  phosphoric 
acid  inversion  was  detectable  with  a  heating  of  30  minutes*  dura- 
tion at  97°  C.  to  98^^  C. 

The  results  obtained  were  as  below : 

Inversion   was   Detectable   with  a 
Concentration  of  Concentration  of  Phosphoric  Acid 

Sodium  Sulphite.  cc.  nr  per  100  cc. 

.01  N  24 

.02  N  42 

.04  N  68 
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THE  EFFECT  OF  HIGH  TEMPERATURES  ON 
CANE  SUGAR  IN  SOLUTION, 


By  Noel  Deerr. 

INTRODUCTION. 

In  a  previous  publication^  from  this  Station  the  inversion  of 
cane  sugar,  under  the  influence  of  acids  and  neutral  salts,  both 
at  the  ordinary  laboratory  temperature  (circa  30°  C.)  and  at 
the  temperature  of  water  boiling  under  atmospheric  pressure,  was 
discussed.  The  present  publication  g^ves  a  record  of  experi- 
ments designed  to  obtain  information  on  the  behavior  of  cane 
sugar  at  temperatures  up  to  135°  C.  in  aqueous  solution,  in  alka- 
line solution,  and  in  aqueous  solution  in  the  presence  of  neutral 
salts.  The  connection  between  these  experiments  and  the  process 
of  cane  sugar  manufacture  comes  under  three  heads. 

a.  Steam  Economy, — With  the  possibility  of  using  high  pres- 
sure steam  in  the  process  of  evaporation  very  sensible  economies 
are  to  be  obtained  in  the  consumption  of  steam.  The  systems* 
most  in  favor  in  beet  sugar  factories  are  those  known  as  the 
Pauly-Greiner  pre-evaporation  system,  and  the  process  known 
as  the  "Extra  Steam,"  the  former  of  which  in  later  years  has 
been  very  largely  developed  in  preference  to  any  system  of 
evaporation — quintuple  or  sextuple  effect.  At  the  present  time 
one  hundred  and  ninety-one  beet  sugar  factories  in  Germany 
employ  the  Pauly-Greiner  system  of  pre-evaporation,  and  one 
hundred  and  three  use  the  conventional  quadruple  evaporation. 

The  Pauly-Greiner  system  of  pre-evaporation  is  not  by  any 
means  a  novelty,  since  it  was  developed  and  put  into  actual  use 
during  the  years  1885  to  1887.  The  system  of  using  **extra 
steam"  antedates  the  pre-evaporation  system  by  several  years. 
Its  inception  is  due  to  Rillieux,  and  it  has  been  developed  chiefly 


*  For  a  description  of  the  rationale  of  these  systems  of  evaporation  reference 
mav  be  made  to  Ware,  "Beet  Sugar  Manufacture  and  Refining."  Vol.  II,  page  129; 
to  Deerr,  "Cane  Sugar,'  page  136;  to  Abraham.  "Die  Dampfwirtschaft  in  der  Zucker- 
fabrik";  and  best  of  all  to  Stammer,  "Der  Dampf  in  der  Zuckerfabrik,"  Vol.  II, 
page  117. 


by  Rassmus  and  Lexa  on  the  continent  of  Europe.  The  cane 
sugar  factories  that  have  adopted  either  of  these  schemes  are 
very  iew;  and  it  may  be  said  that  these  schemes  are  generally 
ignored  in  cane  sugar  practice.  Before,  however,  any  such 
scheme  could  be  advised,  it  is  necessary'  to  examine  the  behavior 
of  cane  sugar  products  at  high  temperatures  under  conditions 
representative  of  those  occurring  in  practice. 

b.  Asepsis, — It  has  been  established  both  for  the  beet  and 
cane  sugar  industry  that  the  conventional  system  of  evapora- 
tion with  the  highest  temperatures  not  above  100°  C.  is  not  suf- 
ficient to  destroy  the  micro-organisms  that  enter  with  the  juice 
and  which  are  introduced  into  the  process  of  manufacture  when- 
ever low  sugars  obtained  from  massecuites  stored  over  long 
periods  are  remelted  or  taken  into  the  pans  as  "seed."  It  is 
easy  to  see  that  the  presence  of  micro-organisms  from  these  two 
sources  is  beyond  complete  control,  although  attention  to  clean- 
liness may  notably  restrict  the  number  introduced.  Admitting 
the  unavoidability  of  their  presence  in  some  degree,  it  becomes 
a  matter  of  interest  to  determine  if  a  temperature  sufficiently 
elevated  to  obtain  their  destruction  can  be  attained  without  loss 
of  sugar. 

c.  Clarification. — It  is  customary  in  some  factories  to  heat  the 
juice  up  to  115°  C.  to  120°  C.  in  closed  tubular  heaters  with 
the  object  of  obtaining  a  superior  "clarification**  including  in 
this  term  such  points  as  rapidity  of  settling,  ease  of  filtration, 
brightness  of  juice. 

Previous  Work. — Up  to  quite  recently  the  only  detailed  study 
of  the  effect  of  higher  temperatures  on  cane  sugar  in  solution  is 
that  due  to  Herzfeld^.  In  his  experiments  cane  sugar  solutions 
of  concentration  varying  from  10%  to  50%  were  heated  at 
temperatures  up  to  140°  C.  The  containing  vessels  were  of 
metal*  and  the  solutions  were  made  alkaline  to  the  extent  of 
.01%  to  .05%.  The  results  of  Herzf eld's  experiments  are  given 
below  in  Table  I,  which  shows  the  percentage  of  sugar  destroyed 
in  one  hour  under  the  specified  conditions. 


*  It  was  observed  in  this  series  of  experiments  that  in  neutral  Bolntion  inversion 
of   cane   sugar  proceeded   much   more   rapidlv   in   metal   than    in   glass   vessels.       The 
phenomenon  is  usually  attributed  to  a  catalytic  action,  obtaining  with  metal,  and  not 
with    glass    vessels.       A    simpler    explanation    would    attribute    the    difference    in    be- 
havior to  small  quantities  of  alkali  dissolved  out  from  the  glass  containers. 
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Very  recently,  two  studies,  covering^  some  of  the  same  grounJ 
as  is  ^one  over  in  the  present  publication,  have  appeared. 
Zujew^  working  with  factory  (beet)  juices  has  arrived  at  the 
conclusion  that  in  the  first  effect  of  an  evaporator  no  loss  of  sugar 
need  be  feared  provided  the  temf>erature  does  not  rise  above 
134°  C. 

Douschsk>^  has  extended  the  experiments  of  Herzfeld  up  to 
concentration  of  75%,  using  however  glass  instead  of  metal  ves- 
sels, and  as  in  Herzfeld's  experiments,  making  the  solutions  slight- 
ly alkaline.  The  results  of  his  experiments  in  so  far  as  they  are 
a  continuation  of  Herzfeld's  are  given  below: 

TABLE  II. 

Decomposition  of  cane  sugar  in  glass  containers  in  very  dilate  alkaline 
solution:  figures  give  the  percentage  of  cane  sugar  destroyed  in  ono 
hour's  heating  at  the  specified  temperature.     (Douschsky). 


Temperature 

. 

°C. 

507r 

55% 

eovc 

65% 

70% 

757c 

80 

0.0260 

0.0260 

0.0230 

0.0200 

0.01 70 

0.0170 

90 

0.0260 

0.0490 

0.0350 

0.0280 

0.0170 

0.0350 

100 

0.0510 

0.0710 

0.0350 

0.0350 

,    0.0350 

0.0510 

105 

0.0752 

0.0752 

0.0878 

0.0878 

0.0752 

0.0752 

110 

0.0878 

0.1003 

0.1003 

0.1003 

0.0878 

0.1003 

115 

0.1504 

0.1837 

0.1337 

0.1837 

0.1837 

0.1672 

120 

0.3009 

0.3009 

0.2508 

0.2508 

•  0.2257 

0.2006 

125 

0.7021 

0.6519 

0.7021 

0.6018 

0.6018 

0.7021 

130 

1 .3039 

1.2537 

1.3039 

1.2036 

1.1033 

1.0531 

135 

2.1063 

1.9057 

1.7051 

1.6549 

1.8556 

1.7051 

As  these  experiments  deal  only  with  the  effect  of  high  tem- 
peratures on  sugar  in  very  dilute  alkaline  solution,  it  was  thought 
advisable  to  study  the  action  in  the  presence  of  varying  quan- 
tities of  alkalies  or  neutral  salts  typical  of  those  naturally  occur- 
ring in  cane  juices. 

Experimental  Detail.s. — The  routine  followed  in  the  experi- 
ments, the  results  of  which  are  given  below,  was  as  under: 

Fifty  cubic  centimeters  of  a  40% — by  volume — sugar  solution 
were  placed  in  a  100  cc.  sugar  flask ;  to  this  was  added  in  solu- 
tion the  alkali  or  salt,  the  action  of  which  was  to  be  studied.  A 
quantity  of  water  was  then  added  so  as  to  bring  the  contents  of 
the  flask  to  a  certain  definite  volume.  A  batch  of  flasks  so  pre- 
pared was  then  placed  in  an  autoclave  of  the  pattern  used  in 
bacteriological  laboratories  for  the  purposes  of  sterilization  under 
pressure.  The  fittings  of  the  autoclave  comprised  a  thermometer 
and  sensitive  adjustable  pop  valve  whereby  a  constant  pressure 


and  temperature*  could  be  obtained.  After  half  an  hour's  heat- 
ing at  the  desired  temperature,  the  autoclave  and  its  contents 
were  allowed  to  cool,  the  flasks  removed,  made  up  to  100  cc,  and 
their  contents  polarized. 

It  was  observed  early  in  these  experiments  that  reasonable 
duplicates  were  hard  to  obtain.  This  source  of  error  is  to  be 
attributed  to  the  different  amounts  of  alkali  dissolved  from  the 
flask.  All  the  flasks  were  digested  with  hydrochloric  acid  for  five 
hours  when  it  was  found  that  the  difference  in  duplicate  experi- 
ments tended  to  disappear.  In  addition,  certain  flasks  which  gave 
irregular  results  were  taken  out  and  not  further  used.  Although 
exact  duplicates  could  not  be  obtained,  eventually  reasonably 
small  differences  in  duplicate  experiments  were  found. 

As  examples  of  the  differences  which  occurred  in  duplicate  ex- 
periments and  which  can  only  be  attributed  to  the  influence  of 
the  containers,  the  following  figures  are  given: 


Temperature. 


110°  C.  115°  C.  120°  C.  125°  C.  130°  CJl35°  C 


Original  polarization.. 

Polarization  after 
heating  for  30  min- 
utes at  the  speci- 
fied temperature. . . 


78.0 
78.0 

•    •   • 

78.0 


78.0 


78.0 


78.0 


78.0 


78.0 


77.3 

76.5 

73.7 

65.2 

38.3 

•   •   • 

76.2 

73.0 

63.0 

32.1 

77.3 

76.5 

73.7 

61.2 

35.3 

ACTION    OF    HIGH    TEMPERATURES    ON    CANE   SUG.\R    SOLUTIONS    IN 
THE   PRESENCE  OF  VARYING   QUANTITIES   OF   ALKALIES. 

In  this  experiment  50  cc.  of  a  W/c  by  volume  solution  of  cane 
sugar  were  placed  in  a  100  cc.  flask.     To  this  was  added  the 

quantities  shown  of    ^^  caustic  soda  solution,  a  maximum  of  30 

cc.  being  employed.  The  solutions  were  in  all  cases  made  up 
to  a  volume  of  80  cc.  Thev  were  then  heated  for  half  an  hour 
at  the  temperature  specified  in  the  annexed  table.  After  cooling 
and  making  up  to  100  cc.  the  solutions  were  polarized.  In  Table 
III  are  entered  the  readings!  on  the  Ventzke  scale  so  obtained, 
i.  e.  the  scale  in  which  26.015  grams  sugar  in  100  true  cc.  read  at 
20°  C.  gives  a  reading  of  100"^.  On  examining  the  results  con- 
tained in  Table  III,  the  following  conclusions  can  be  drawn: 

*  The  adjustment  of  the  valve  to  obtain  a  fixed  pressure  was  fairly  easy.  In  the 
experiments  detailed  below  a  temperature  of  125"  C,  etc.,  should  read  the  tempera- 
ture varied  from  124°  C.  to  126°  C.  for  not  more  than  five  minutes,  and  was  steady 
at  125"  for  at  least  twenty-five  minutes. 

t  The  rational  way  of  expressing  the  experimental  results  described  in  this 
publication  would  be  to  calculate  from  the  polarization  the  rate  of  inversion ;  owing, 
however,  to  the  farious  sources  of  error  mentioned  above,  I  have  not  made  this  calcu- 
lation. 
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1.  With  a  heating  extending  up  to  30  minutes  in  neutral 
solution  ( i.  e.  neutral  with  the  exception  of  alkali  dissolved  from 
the  glass  containers)  inversion  of  cane  sugar  is  not  detectable 
under  a  temperature  of  110°  C. 

2.  The  inversion  increases  with  rise  of  temperature  and  above 
125°  C.  the  increase  is  very  rapid. 

3.  The  inversion  at  all  temperatures  is  very  largely  inhibited 
by  very  small  quantities  of  alkalies. 

4.  At  temperatures  above  110°  C.  the  presence  of  increas- 
ing quantities  of  alkalies  progressively  retards  the  inversion  up 
to  a  certain  limit,  beyond  which  a  further  increase  in  the  amount 
of  alkali  present  has  no  effect  on  the  amount  of  sugar  inverted, 
but  the  f)olarizations  remain  constant. 

It  was  observed  that  with  the  larger  quantities  of  alkali  and 
especially  at  the  higher  temperatures  that  the  solutions  became 
very  dark.  This  darkening  of  the  solution  was  not  attended  by 
a  greater  destruction  of  sugar ;  and  indeed,  up  to  the  limit  where 
constant  polarizations  were  obtained,  it  might  be  said  that  the 
destruction  of  sugar  was  inversely  as  the  darkening.  This  ob- 
servation is  of  some  little  interest,  since  it  is  often  taken  for 
granted  in  cane  sugar  manufacture  that  a  darkening  of  the  juice 
is  an  indication  of  some  avoidable  loss. 

In  the  extreme  cases  the  solutions  were  too  dark  to  be  observed 
in  the  polariscope  directly.  The  color  was  in  great  part  dis- 
charged on  neutralization  of  the  alkali  by  any  acid,  and  the 
readings  tabulated  were  thus  obtained  after  neutralization  with 
acetic  acid. 

ACTION  OF  NEUTRAL  .SALTS  ON  THE  INVERSION  OF  CANE  SUGAR  AT 

TEMPERATURES    ABOVE    100°    C. 

In  Bulletin  35  of  this  series,  the  action  of  the  halides,  nitrates, 
sulphates,  and  several  organic  salts  of  the  alkalies  in  combina- 
tion with  acids  on  the  inversion  of  cane  sugar  was  examined. 
It  was  then  shown  that  the  halides  and  nitrates  of  the  alkalies 
and  alkaline  earths  accelerated  the  invertive  action  of  acids  when 
present  in  more  concentrated  solution  in  the  cold,  but  no  accelera- 
tive  action  was  detected  when  in  dilute  solution  at  100°  C.  All 
the  other  salts  of  the  alkalies  and  alkaline  earths  examined  were 
found  under  all  conditions  to  possess  a  retarding  action. 

In  the  experiments  the  results  of  which  are  given  in  Table  IV, 
50  cc.  of  a  40%  solution  of  cane  sugar,  were  placed  together 
with  10  cc.  of  a  3  N  solution  of  the  salt  in  100  cc.  flasks  and  were 
heated  in  an  autoclave  for  30  minutes.  The  concentration  of 
the  salt  was  then  .5  N.  The  figures  entered  up  give  the  degrees 
Ventzke  of  the  solutions  after  heating  and  making  up  to  100  cc. 
when  observed  in  a  20  cm.  tube. 


a  juice  con 
ence  exists 
and  its  ncr. 
in  cane  ji. 
azolitmin  i 
98°  C.  iiu' 
phosphoric 

In  order 
those  used 
sulphur  u- 
maximum 
largest  (iu;t 
roughly  i< 
quantity  u 
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just  alkali 
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tion  at  ^)7 
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On  examining  the  results,  the  following  conclusions  can  be 
drawn : 

1.  At  temperatures  of  105°  C.  and  upwards  the  chlorides, 
bromides,  iodides,  nitrates,  and  sulphates  of  the  alkalies  and  alka- 
line earths  in  .5  N  solution  cause  an  inversion  of  cane  sugar  much 
greater  than  that  observed  in  pure  aqueous  solution. 

2.  There  is  little  difference  between  the  action  of  the  chlo- 
rides, bromides,  and  iodides  of  lithium,  sodium,  and  potassium, 
and,  owing  to  the  varying  effect  of  small  quantities  of  alkalies  dis- 
solved from  the  glass  containers,  it  is  impossible  to  say  whether 
their  action  is  identical  or  not,  though  the  action  of  the  lithium 
salts  is  apparently  greater  than  that  of  the  sodium  and  potassium 
salts ;  however,  the  action  of  the  bromides  and  iodides  is  certainly 
not  greater  than  that  of  the  chlorides. 

3.  The  action  of  the  nitrates  of  lithium,  sodium,  and  potas- 
sium is  very  similar  to  that  of  the  halides  of  the  same  metals; 
and  again,  the  action  of  the  lithium  salt  is  apparently  greater. 

4.  The  action  of  the  chlorides  and  nitrates  of  the  alkaline 
earths  is  much  greater  than  is  the  action  of  the  corresponding 
salts  of  the  alkalies. 

5.  Of  the  salts  of  the  alkaline  earths,  those  of  magnesium  are 
much  more  energetic  in  action  than  are  those  of  calcium,  stron- 
tium, and  barium.  Between  the  fast  three  no  difference  in  action 
is  apparent. 

6.  The  sulphates  of  the  alkalies  show  no  appreciable  differ- 
ence in  their  action  as  between  themselves,  though  their  action 
is  much  weaker  than  is  the  action  of  the  corresponding  halides. 

7.  The  action  of  magnesium  sulphate  is  very  pronounced  and 
is  of  the  same  order  as  that  of  the  chlorides  of  the  alkalies. 

The  results  obtained  and  described  above  show  several  points 
of  dissimilarity  from  those  obtained  when  studying  the  accelera- 
tive  action  of  neutral  salts  on  the  rate  of  inversion  cane  sugar  by 
acids.     It  was  then  found: 

1.  That  the  sulphates  of  the  alkalies  and  alkaline  earths  re- 
tarded the  rate  of  inversion  at  temperatures  up  to  100°  C.  At 
more  elevated  temperatures  they  cause  inversion  in  the  absence 
of  acids.  This  observation  brings  the  behavior  of  these  salts  into 
line  with  the  behavior  of  ammonium  sulphate  which  at  ordinary 
temperatures  retards  the  rate  of  inversion  and  causes  inversion  at 
a  temperature  of  100°  C. 

2.  It  was  found  previously  that  the  accelerative  action  of  the 
salts  of  the  alkalies  and  alkaline  earths  on  the  rate  of  inversion  of 
cane  sugar  by  acids  was  substantially  the  same. 

3.  It  was  found  previously  that  the  accelerative  action  of  the 
halide  salts  of  the  alkalies  and  alkaline  earths  increased  from 
chloride  to  bromide,  and  from  bromide  to  iodide. 
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On  examining  the  results,  the  following  conclusions  can  be 
drawn : 

1.  At  temperatures  of  105°  C.  and  upwards  the  chlorides, 
bromides,  iodides,  nitrates,  and  sulphates  of  the  alkalies  and  alka- 
line earths  in  .5  X  solution  cause  an  inversion  of  cane  sugar  much 
greater  than  that  observed  in  pure  aqueous  solution. 

2.  There  is  little  difference  between  the  action  of  the  chlo- 
rides, bromides,  and  iodides  of  lithium,  sodium,  and  potassium, 
and,  owing  to  the  varying  effect  of  small  quantities  of  alkalies  dis- 
solved from  the  glass  containers,  it  is  impossible  to  say  whether 
their  action  is  identical  or  not,  though  the  action  of  the  lithium 
salts  is  apparently  greater  than  that  of  the  sodium  and  potassium 
salts ;  however,  the  action  of  the  bromides  and  iodides  is  certainly 
not  greater  than  that  of  the  chlorides. 

3.  The  action  of  the  nitrates  of  lithium,  sodium,  and  potas- 
sium is  very  similar  to  that  of  the  halides  of  the  same  metals; 
and  again,  the  action  of  the  lithium  salt  is  apparently  greater. 

4.  The  action  of  the  chlorides  and  nitrates  of  the  alkaline 
earths  is  much  greater  than  is  the  action  of  the  corresponding 
salts  of  the  alkalies. 

5.  Of  the  salts  of  the  alkaline  earths,  those  of  magnesium  are 
much  more  energetic  in  action  than  are  those  of  calcium,  stron- 
tium, and  barium.  Between  the  fast  three  no  difference  in  action 
is  apparent. 

6.  The  sulphates  of  the  alkalies  show  no  appreciable  differ- 
ence in  their  action  as  between  themselves,  though  their  action 
is  much  weaker  than  is  the  action  of  the  corresponding  halides. 

7.  The  action  of  magnesium  sulphate  is  very  pronounced  and 
is  of  the  same  order  as  that  of  the  chlorides  of  the  alkalies. 

The  results  obtained  and  described  above  show  several  points 
of  dissimilarity  from  those  obtained  when  studying  the  accelera- 
tive  action  of  neutral  salts  on  the  rate  of  inversion  cane  sugar  by 
acids.     It  was  then  found: 

1.  That  the  sulphates  of  the  alkalies  and  alkaline  earths  re- 
tarded the  rate  of  inversion  at  temperatures  up  to  100°  C.  At 
more  elevated  temperatures  they  cause  inversion  in  the  absence 
of  acids.  This  observation  brings  the  behavior  of  these  salts  into 
line  with  the  behavior  of  ammonium  sulphate  which  at  ordinary 
temperatures  retards  the  rate  of  inversion  and  causes  inversion  at 
a  temperature  of  100°  C. 

2.  It  was  found  previously  that  the  accelerative  action  of  the 
salts  of  the  alkalies  and  alkaline  earths  on  the  rate  of  inversion  of 
cane  sugar  by  acids  was  substantially  the  same. 

3.  It  was  found  previously  that  the  accelerative  action  of  the 
halide  salts  of  the  alkalies  and  alkaline  earths  increased  from 
chloride  to  bromide,  and  from  bromide  to  iodide. 


14 


w 

< 


m; 


oo 


Cm 
O 


>• 

o 
.c 

en 

a. 

a 

3 

.^ 

I— 

B 


»o  IC  o 

CO  1^  CO 
(-1  iM 


lO 


^  fe 


o     o     ^ 

O  ?0  G^ 

CO  :o 


o     o     q 
l.T  »*  OS 

(M  tr:  i-i 


ce 

B 

s 

o 
3Q 


rHCOQC^QOlOOi-j^'^^Hir^irj'^l.'?^ 

»0  O*  L'^*  O  C'l  CO  X  O  CO  X  <M*  CO  CO  CO  CO  CO* 
l^  CO  W  "^  lO  »C  »0  ?0  CO  to  I-  1-.  l^  l^  l^  t* 


•^OOOSOOiOSOOi 


't  "^.  ^.  "^  *i  ^  *^ 

i£r(?io«dx'o^oj'^"»tcO'^eoco'^co 
i^  ;o  lo  CO  :o  i^  I-  i^  i^  i^  i^  i^  i^  i^  i^  t^ 


^X^OIOXOacOCOC'lCO'MeOiMCO^ 
»OOXO^COCO-**"»t»^'«t'^^"^'^-f'^ 

I-  i>-  CO  !>.  r-  i^  I-  i>- 1^  i>- 1>.  1^  i^  t-  I-  t- 


O       O       ^ 

•O  lO  CO 

CO  l^ 


o     o     «5 

O  CO  "^ 
CO  CO  M 


1-1  C4 


C8 


£ 

s 

OS 
X 

es 
o 


•-*cooi-^Qq.-<'*ji^coi>;«5c^oi'*eoeo 
loirj-^-^tt^-^co'cJicxoMcocococo 

t-CO^         COrt»lOlOCOCOl>-t-.l-t-.b»t- 


i  ! 


lo  o^i  lo  ^  t^  o 

t'.  CO  "*  lO  CO  t^ 


ococa^oj-txo^o^'-'O  — 

•••••••••    ^^        •        •        •        • 

l^  l^  l^  l^  l^  li  l^  1^  l^  l^ 


i-txcoxxcoi—  T-tcocoeo<Moicoeow 

•••••••••••••••• 

lOO^r-ifflCOCO'f'^Tt***''^'*'''*''^'^ 
l^  l^  CO  l^  I-  l^  t^  I',  l^  l^  l^  1-.  I--,  l^  l^  l^ 


o     o     I- 

ifi  lO  o 

CO  l^  CO 


O      O       wfi 

O  CO  CJ 

CO  CO 


o    o    "-; 

i.t  i^  Oi 
-71  >.'^  -^ 


I-I 
o 


1-t  CO  X  04  o  O  O  Ol  o  O  l^  O  t'.  O  X  X 
•       •       •• •       .... 

•C  O  X  CO  O  O  C'l  X  O  OS  -^  I-  —  CI  C^l  C^I 

l^  CO  r*  p^  ^  r-i  <?!  -"t  "^   CO  CO  I'-  I'-  l^  t'- 

I  I  I 


'^'^O'-^OOOIt'-X'^'^'^OOOO 
lCiMO^'^"^'^X'MCO(MeO'«t""^'^"^ 

f-^  (M  lo  ir:  CO  CO  1^  i-  i^  1-.  i^  i^ 


1-.  CO 


^  X  CO  CI  C^l  r*  X  CO  CO  X  CI  CI  5^1  .-I  OJ  M 

•  •••••••••••••«• 

Lt^COCO-tO^CJCOCO'^'^'^-t"^'^ 
I-.  t-  CO  »-'r  CO  l^  t-  I-  I'-  !>•  !>.  I-  t-  I-  l-.  t-. 


—   |0    \)    \1 


o 

•  MM 

•*- 
N 

-1^ 

a 

<: 

o 

o 

T 

^.." 

•i^ 

C3 

C 

s 

'5c 

X 

•  ^ 

^ 

^■^ 

^. 

I 


•  •••••••••■* 

r^  ^  CJ  CI  CO  -^  IC  CO  t^  X  OS  o 


15 

ACTION   OF  NEUTRAL  SALTS  AND  ALKALIES  ON   THE   INVERSION   OF 
CANE    SUGAR     AT     ELEVATED    TEMPERATURES. 

Since  in  cane  juices  the  neutral  salts  occur  in  the  presence  of 
greater  or  smaller  quantities  of  free  lime,  it  is  of  interest  to 
examine  the  action  of  neutral  salts  in  the  presence  of  small  quan- 
tities of  free  alkali.  The  experiments  were  made  precisely  as 
described  in  the  preceding  paragraphs.  The  three  salts  selected 
were:  calcium  chloride,  potassium  nitrate  and  sodium  sulphate. 
To  50  cc.  of  a  sugar  solution  were  added  10  cc.  of  3  X  salt  solu- 
tion and  the  quantity  of  ^  caustic  soda  shown  in  Table  V,  so 

much  water  was  also  added,  that  the  volume  of  the  contents  of 
each  flask  was  70  cc.  Examination  of  the  results  detailed  in  the 
above  table  show: 

1.  That  the  invertive  action  of  neutral  salts  at  elevated  tem- 
peratures is  modified  by  small  quantities  of  alkalies. 

2.  With  the  addition  of  a  certain  quantity  of  alkali,  a  mini- 
mum quantity  of  sugar  is  inverted;  and  increasing  the  quantity 
of  alkali  beyond  this  point  does  not  further  decrease  the  amount 
of  sugar  inverted. 

3.  In  the  presence  of  neutral  salts  the  amount  of  alkali  neces- 
sary to  obtain  the  minimum  loss  of  sugar  is  greater  than  in  their 
absence;  thus,  while  at  a  temperature  of  135'^  C.  the  point  of 

minimum  inversion  of  sugar  first  occurs  when  17.5  cc.  -^  alkali 

are  present  in  70  cc,  i.  e.  a  concentration  of  alkali  of  .00875  N, 
in  the  presence  of  10  cc.  3  X  calcium  chloride  in  70  cc.  or  a  con- 
centration of  .43  X,  the  point  of  minimum  inversion  occurs  when 

9  cc.  -y-  alkali  are  present,  i.  e.  at  a  concentration  .026  X". 

ACTION    OF   THE    SALTS    OF    WEAKER    ACIDS    ON    THE    INVERSION    OF 

SUGAR    AT    ELEVATED    TEMPERATURES. 

The  salts  selected  for  examination  as  typical  of  the  action  of 
such  salts  as  may  occur  in  cane  juices  were  sodium  acetate, 
sodium  potassium  tartrate,  and  potassium  oxalate.  The  method  of 
experiment  followed  was  precisely  as  used  before ;  the  salts  were 

added  in    -y-  concentration,  and  the  volume  of  the  mixed  salt 

and  sugar  solution  was  80  cc. 
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From  the  results  tabulated  in  Table  VI  it  follows: 

1.  That  the  salts  of  v/eaker  acids  retard  the  inversion  of  cane 
sugar  at  high  temperatures. 

2.  The  retardation  decreases  progressively  from  acetate  to 
tartrate  to  oxalate. 

3.  The  action  is  in  all  respects  comparable  to  that  of  free 
alkali,  a  point  of  minimum  inversion  occurring  beyond  which  the 
addition  of  further  quantities  of  salt  does  not  decrease  the  in- 
version. 

4.  The  minimum  inversion  in  the  presence  of  the  salts  of 
weak  acids  is  greater  than  it  is  in  the  presence  of  alkalies  and 
much  larger  quantities  of  salts  are  required  to  obtain  a  minimum 
inversion  than  of  alkalies. 

Action  of  Phosphates  and  Sulphites  of  the  Alkalies. 

Ry  reason  of  the  somewhat  extended  use  of  phosphoric  and 
sulphurous  acids  in  the  process  of  sugar  manufacture,  it  was  of 
interest  to  examine  the  action  of  their  alkaline  salts  on  the  inver- 
sion of  cane  sugar  at  elevated  temperatures.  The  experiment 
was  carried  out  at  one  temperature  only,  130^  C,  with  the  results 
shown  in  Table  VII. 

TABLE  Vll. 

Action  of  certaiii  salts  &t  130**  C.  on  tlie  inversion  of  cane  sugar. 
Total  Yolnme  of  solution  80  c.  c;  time  of  heating  thirty  minutes; 
polariscope  reading  taken  in  100  c.  c. 


Mon-Acid  Potas- 

Di-Acid Pota-ssium 

C.  C.  N. 

Salt. 

Sodium   Sulphite. 

sium 

Phosphate. 

Phosphate. 

Original 

polarization 

80.5 

80.5 

80.5 

0 

59.3 

59.3 

59.3 

1 

60.6 

74.2                1 

58.5 

2 

62.3 

77.8 

60.6 

3 

65.6 

78.5                1 

60.7 

4 

71.8 

79.2 

60.6 

6 

72.8 

79.8 

57.4 

10 

74.8 

79.8 

60.6 

20 

79.4 

79.8 

58.4 

30 

79.4 

1 
•   •  • 

62.0 

From  these  results  the  following  conclusions  may  be  drawn : 

1.  Normal  sulphites  and  mon-acid  phosphates  of  the  al- 
kalies retard  the  rate  of  inversion  of  cane  sugar  at  high  tem- 
peratures. 

2.  Bi-acid  phosphates  of  the  alkalies  are  without  action  on 
the  rate  of  inversion. 
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Comparison    of    the   Actual   Velocities   of    Reaction. 

The  difficulties  whereby  sources  of  error  were  introduced  into 
these  experiments  have  already  been  explained  and  therefore  I 
have  not  calculated  out  the  velocity  of  inversion,  but  have  ex- 
pressed the  results  in  terms  of  a  fall  in  polarization.  There 
was,  however,  strong  evidence  of  certain  regularities  holding. 
I  therefore  have  calculated  the  mean  fall  in  polarization  at  the 
temperatures  125°  C.  and  130°  C.  of  the  chlorides  and  nitrates  of 
metals  in  the  first  periodic  family  and  of  those  in  the  second 
(leaving  out  of  consideration  the  magnesium  salts  which  evi- 
dently behaved  differently  to  the  other  salts  of  this  family),  and 
also  of  the  sulphates  of  the  salts  in  the  first  periodic  family,  and 
also  of  magnesium  sulphate.  The  results  are  given  in  Table 
VIII  where  M'Cl  denotes  the  average  results  obtained  with 
lithium,  sodium,  and  potassium  chlorides;  M^'Clj,  the  average 
results  obtained  with  calcium,  strontium,  and  barium  chlorides 
respectively.  In  the  column  headed  "polarization"  is  given  the 
average  polarization  after  heating  to  the  specified  temperature 
under  the  already  stated  conditions  of  experiment.  The  total 
change  in  polarization  on  complete  inversion  was  100.0,  whence 

are  calculated  the  values  of  log    ^-£-^  where  a  is  the  total  change 

in  polarization  on  complete  inversion,  and  x  is  the  fall  in  polari- 
zation. 

TABLE  Vin. 

Velocity  of  inversion  of  cane  angar  at  125°  C.  and  at  130''  C.  under  the 
influence  of  certain  neutral  salts.  Initial  polarization  78°  Ventzke; 
polarization  on  complete  inversion — 22**  Ventzke. 


* 
1 

a 

Log  - 

a 
corrected  for 

Salts. 

Polarization. 

Log 

a 

X 

a  —  X 

Velocity  in  Aqueous 

Solutions. 

0 

125 

73.7 

.0192 

•  •  •  • 

0 

130 

65.2 

.0596 

•  •  •  • 

M'  CI. 

125 

63.6 

.0674 

• 

.0482 

M'  ri. 

130 

oO.y 

.2373 

.1777 

M"  CI2 

125 

32.7 

.2622 

.2430 

M"  CI2 

130 

10.7 

.9077 

.8481 

M.'  NO3 

125 

64.0 

.0656 

.0464 

M'  NO^ 

130 

35.0 

.2440 

.1845 

M"  (N03)2 

125 

35.7 

.2390 

.2198 

M"  (N03)2 

130 

8.8 

.8794 

.8199 

M'2  SO4 

125 

71.0 

.0315 

.0123 

M'2  SO4 

130 

59.8 

.0871 

.0276 

Mg  SO4 

125 

62.0 

.0755 

.0563 

Mg  SO4 

130 

31.4 

.2721 

.2125 
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In  comparing  these  values  allowance  must  be  made  for  the 
inversion  due  to  heating  in  the  presence  of  water  only.  I  have 
accordingly  calculated  the  velocity  of  inversion  for  water  only 
and  have  deducted  this  value  from  the  rate  of  inversion  found 
in  the  presence  of  the  various  salts.  The  values  of  the  rate  of 
inversion  due  to  the  salts  alone  is  given  in  the  last  column  of 
Table  VIII. 

After  having  obtained  these  values,  I  then  proceeded  to  com- 
pare the  ratios  of  the  velocities  of  inversion  of  the  different 
groups  of  salts.  The  results  of  the  comi>arisons  are  shown  in 
tabular  form  in  Table  IX,  where  an  expression,  such  as  M'  CI 
125,  denotes  the  velocity  of  inversion  at  125^  C.  of  the  chlorides 
of  the  metals  of  the  first  periodic  family,  etc.  Examination  of 
these  results  leads  to  the  following  conclusions: 

TABLE  IX. 

CcmpariEon  of  velocities  of  inversion  of  cane  sugar  P/t  125''  C.  and  at 
130°  C.  under  tlie  influence  of  certain  neutral  salts. 

M'  CI  130         .1777 

=  3.69 


M'  CI 

125    .0482 

M"  CI2 

130    .8481 

M"  CI2 

125    .2430 

Af  NO3 

130    .1845 

=  3.48 


=  3.97 


M'  NO3  125         .0464 


M"  (N03)2    130         .8199 

= =  3.68 

M"  (N03)2    125         .2198 

M'2  SO4          130         .0276 
=   =  2.24 


M'2  SO4  125         .0123 

Mg  SO4  130         .2125 

Mg  SO4  125         .0563 


=  3.79 


M"  CI2  130         .8481 

==   =  4.76 

M'  CI  130         .1777 

M"  CI2  125         .2430 

= ==  5.07 

M'  CI  125         .0482 
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M"  (^'0a)2    130         .819^ 


M'  (NOa)^    130         .1845 


=  4.44 


M"  (N03)2    125         .2198 

=   =  4.75 

M'  (N03)2    125         .0464 

Mg  SO4  125         .0563 


M'2  SO4  125         .0123 


=  4.57 


Mg  SO4  130         .2125 

M'2  SO4  130         .0276 

1.  The  velocity  of  inversion  due  to  neutral  salts  of  the  alkalies 
and  alkaline  earths  is  greater  at  130°  C.  than  at  125°  C.  in  pro- 
portion from  3.3  to  4.0  times  as  great  and  this  ratio  is  independent 
of  the  salt. 

2.  The  velocity  of  inversion  of  the  salts  of  the  alkaline  earths 
(excluding  magnesium)  is  about  five  times  as  great  as  is  the 
velocity  of  inversion  of  the  same  salts  of  the  alkalies  (lithium, 
sodium,  potassium),  and  this  ratio  holds  for  the  temperatures 
125"  C.  and  130^  C. 

The  figures  obtained  when  comparing  the  effect  of  magnesium 
sulphate  with  that  due  to  the  sulphates  of  the  alkalies  are  irregu- 
lar, and  this  is  perhaps  due  to  the  large  percentage  error  intro- 
duced due  to  the  small  velocity  of  inversion  of  the  sulphates  of 
the  alkalies. 

The  Effect  of  Varying  QrAXTiTiEs  of  Neutral  Salts. 

This  was  studied  only  in  so  far  as  regards  the  action  of  cal- 
cium chloride  at  120^  C. ;  50  cc.  of  a  40%  sugar  solution  was 
made  up  in  all  to  70  cc.  containing  from  0  to  20  cc.  of  a  3  N 
solution  of  calcium  chloride.  The  results  obtained  are  as  given 
in  Table  X.  In  this  case  I  have  calculated  out  the  velocity  of  in- 
version.    This  is  given  in   the  last  two  columns  of  Table  X ; 

in  the  penultimate  column  are  given  values  of  lo<^  -3-  where 

a  is  the  total  change  on  complete  inversion  and  x  is  the  fall  in 
polarization ;  in  the  last  column  are  given  the  values  of  the  rates 
of  inversion  referred  to  equal  concentration  of  salt,  i.  e.  divided 
by  the  number  of  cubic  centimeters  of  salt  solution  added.  It 
will  be  seen  that  with  larger  quantities  of  salt  solution,  the  veloc- 
ity  of    reaction    tends   to   become   directly   proportional   to   the 
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amount  of  salt  present.  With  the  less  quantities  of  salt  added 
the  accuracy  of  the  experimental  result  is  vitiated  by  the  varying 
amounts  of  alkali  dissolved  from  the  glass  containers  and  also 
by  small  errors  of  observation  having  a  proportionately  larger 
influence. 

TABLE  X. 

Action  of  Tarying  amounts  of  caleinm  chloride  on  the  inversion  of  cane 
sagar  at  120''  C;  time  of  heating,  thirty  minutes;  volume  Df  solution 
70  c.  c;  polariscope  reading  taken  in  100  c.  c. 


1 
1 

a 

C.  C.  3N 

IjOg 

Salt  Solution. 

a  —  X 

Original  polarization 

79.3 

0 

78.5 

.00217 

2 

76.1 

.01403 

.00521 

4 

72.0 

.03256 

.00814 

6 

69.9 

.04239 

.00706 

8 

69.3 

.04528 

.00566 

10 

68.0 

.05179 

.00518 

12 

67.4 

.05448 

.00454 

14 

66.3 

.06052 

.00433 

16 

65.3 

.06554 

.00409 

18 

63.7 

.07294 

.00404 

20 

62.1 

.08099 

.00405 

EFFECT  OF  DURATION  OF   HEATING. 


In  all  the  experiments  previously  detailed,  a  constant  period 
of  heating  of  30  minutes  was  adopted.  No  special  signifi- 
cance attaches  to  this  period ;  it  was  adopted  as  a  convenient 
])eriod  which  could  be  measured  with  smaller  error,  a  one 
which  allowed  reasonably  large  differences  in  polarization  to 
he  obtained  and  as  a  period  representative  of  the  maximum 
time  over  which  factory  products  would  under  any  con<Jition 
be  exposed  to  the  action  of  elevated  temperatures.  To 
study  the  eflFect  of  time,  the  action  of  magnesium  chloride  in 

-^  concentration  on  a  40%  sugar  solution  was  studied  at  a  tem- 
perature of  125^  C.  The  experiment  was  made  as  already 
described.  The  results  obtained  are  given  in  Table  XI,  the 
velocity  of  inversion  given  in  the  last  column  is  referred  to 
minutes  and  common  logarithms. 


^'y 

^t^ 

TABLE  XI. 

Time. 

Polarization. 

/ 

1         / 

^Og  a-x 

0 

Minutes 

81.2 

5 

75.5 

.00487 

10 

65.6 

■ 

.00714 

20 

40.3 

1 

.01071 

25 

15.8 

.01722 

30 

—10.2 

.03058 

It  will  be  seen  that  apparently  at  any  rate  Wilhelmy's  law 
of  mass  action  does  not  apply  here,  the  value  of  the  constant 
increasing  regularly  with  time  of  heating. 

This  observation  is  of  considerable  importance  in  considering 
the  bearing  of  the  results  obtained  dealing  with  the  inversion  of 
sugar  at  elevated  tem|)eratures  on  the  effect  in  the  factory ;  for 
evidently  if  with  half  an  hour's  heating  under  certain  conditions 
a  loss  of  3%  of  sugar  occurred,  then  in  five  minutes  (treating 
the  active  mass  of  the  sugar  as  unchanged)  the  loss  would  be 


X  — 


.00487 


=   .08%. 


THE  CONNECTION  BETWEEN  TEMl'ERATl'RE  AND  RATE  OF  INVERSION. 

The  equation  connecting  temperature  and  velocity  of  inver- 
sion under  the  influence  of  acids,  following  on  the  work  of  Urech 
and  Spohr'  is  of  the  form 

A  (T,  —To) 

Ci  =   Co  e      Ti  To 
where  C,  and  Co  arc  the  rates  of  inversion  at  T^  and  To;  e  is  the 
base  of  the  natural  system  of  logarithms ;  and  A  is  a  constant. 

In  order  to  test  the  occurrence  of  a  similar  equation  when  cane 
sugar  is  inverted  under  the  influence  of  neutral  salts  or  in 
aqueous  solution,  I  calculated  the  average  fall  in  polarization  for 
salts  of  the  formula  M  CI,  M/SO,,  for  magnesium  sulphate  and 
also  of  sugar  in  aqueous  solution. 

With  these  data,  I  then  calculated  values  of  \oz    -  "         where 

"     a  —  X 

a  is  the  total  change  in  polarization  on  complete  inversion;  and 
x  is  the  fall  in  polarization.  The  results  of  the  calculations  are 
given  in  Tables  XIT,  XIII,  XIV  and  XV. 
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With  the  data  thus  obtained,  I  calculated  values  of  A  in  the 
expression 

A£T,  —  To) 

Ci   ^    Co  e     Ti  To 

between  C135  and  the  other  temperatures,  as  for  example;  the 
value  of  A  as  calculated  from  the  values  of  the  rate  of  inversion 
at  125°  C.  and  120°  C.  for  the  alkaline  chlorides  will  be  found 
by  solving  the  equation 

A    (408  —  .-^9.0 

.8259=  .0198  e      4osx393 
In  Table  XVI  I  have  tabulated  values  of  A  so  found. 

TABLE  XVI. 

Connection  between  temperature  and  rate  of  inversion  of  cane  sugar  in 
aqueous  solution  and  also  in  the  presence  of  certain  neutral  salts. 


0 

1    S  ^ 

^  •mm 

-4^ 

.s  « 

s   ^ 

C '^ 

03  ^ 

u 

.2  0 

•w*   C4 

©  ^ 

r"^  ^^ 

^~^  ^'^ 

Q  ^^ 

C8  JS 

cs  s 

bf  ^ 

9S 

^0 

Jdoj 

csCO 

^ 

< 

< 

a 

Temperature 

Value  of  A  8 

IS  between  the 

specified  temperature  and 

''C. 

135' 

C. 

lOo 

31600 

30500 

28900 

110 

31000 

23400 

28900 

115 

33900 

36100 

27700 

34900 

120 

37800 

39900 

33200 

35800 

125 

39800 

46000 

41500 

43800 

130 

42900 

50600 

58000 

45400 

The  values  of  A  show  in  general  a  regular  rise  with  increase 
of  temperature,  and  the  nature  of  the  rise  and  the  values  ob- 
tained, whether  in  aqueous  solution  or  in  the  presence  of  salts, 
is  in  all  cases  very  similar.  The  irregular  values  obtained  with 
alkaline  sulphates  are  probably  due  to  large  percentage  errors  in 
the  small  readings. 

These  figures  probably  point  to  a  constant  value  of  A,  for 
the  data  tabulated  do  not  give  the  actual  velocity  of  inversion 
at  the  specified  temperature,  but  the  velocity  due  to  heating 
up  to,  say  130°  C.  and  keeping  at  130*^  C  for  half  an  hour.  At 
the  higher  temperatures,  then,  the  fall  in  polarization,  and  conse- 
quently the  velocity  of  inversion,  is  proportionately  greater  than 
calculated   from  the  data  obtained. 
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THE  ACTION  OF   NEUTRAL  SALTS   OF   ALKALIES  AT   HIGH   TEMPERA- 
TURES UPON   DEXTROSE  AND  l^PON   LEVULOSE. 

The  isomeric  changes  that  occur  when  hexose  sugars  are  heated 
in  the  presence  of  alkalies  and  alkahne  sahs  of  weak  acids  are  well 
known  and  have  been  studied  chiefly  by  Lobry  de  Bniyn  and  by 
\^an  Ekenstein**.  I  thought,  however,  it  of  interest  to  examine  the 
action  of  salts  and  alkalies  at  a  high  temperature  on  these  bodies 
in  view  of  their  occurrence  in  considerable  quantity  in  cane 
products. 

In  the  first  experipient  50  cc.  of  a  409i ,  by  volume,  solution  of 
dextrose  was  heated  at  130^  C.  for  30  minutes  with  10  cc.  of  a 
3  X  solution  of  the  salt.  After  heating  the  solutions  were  made 
up  to  100  cc,  the  polariscope  reading  and  the  percentage  of  re- 
ducing sugars  calculated  as  dextrose  were  obtained.  The  re- 
sults are  given  in  Table  XV 11.  Assuming  that  dextrose  and 
levulose  only  are  present,  from  these  data  has  been  calculated  the 
percentage  of  dextrose  and  levulose  in  the  solution  following 
the  method  given  by  Browne^.  The  results  given  in  Table  XVTI, 
'show  that  the  isomerization  of  dextrose  into  levulose  takes  place 
to  a  very  limited  degree  under  the  influence  of  the  salts,  such  as 
the  nitrates  and  chlorides  of  the  alkalies  and  alkaline  earths,  is 
more  pronounced  with  sulphates,  such  as  sodium  sulphate,  and  is 
very  pronounced  with  salts  of  weak  acids. 

TABLE  XVIL 


N 
Action  of  neutral  salts  in  —  concentration  on  dextrose  heated  for  thirty 

2 
minutes  at  130°  C. 


Sum  of 

Salt. 

Polariza- 

Dextrose 

Levulose 

Dextrose  & 

tron. 

% 

% 

Levulose 

Orijjrinal  Polarization 

61.3 

18.55 

■  •  • 

18.55 

No  Salt 

58.3 

18.17 

.26 

18.41 

Potassium  Nitrate 

58.5 

18.20 

.23 

18.43 

Potassium  Chloride 

59.8 

18.30 

.10 

18.40 

Magnesium  Nitrate 

50.8 

17.95 

.43 

18.38 

Calcium  Chloride 

56.1 

17.91 

.48 

18.39 

Magnesium  Sulphate 

57.1 

17.99 

.44 

18.43 

Sodium  Sulphate 

51.4 

17.41 

.94 

18.35 

Potassium  Oxalate 

34.0 

15.06 

8.02 

18.18 

Potassium  Sodium  Tartrate 

3S.8 

15.54 

2.88 

18.42 

Simultaneously  with  the  isomerization  of  dextrose  and  levulose, 
there  appears  to  be  some  evidence  of  a  very  small  actual  de.struc- 


29 


tion  of  the  reducing  sugars,  but  the  destruction  which  occurs  is 
so  small  as  to  be  inappreciable  in  practice. 

INFLUENCE  OF  ALKALIES  UPON  DEXTROSE  AT  ELEVATED 

TEMPERATURES. 

From  the  previous  work  of  Lobry  de  Bruyn  and  V^an  Eken- 
stein,^  it  is  known  that  solutions  of  dextrose  and  of  levulose  when 
heated  in  the  presence  of  alkalies  suffer  an  isomeric  change, 
glucose  and  levulose  being  mutually  converted  into  each  other.* 
The  recent  work  of  Geerligs^  has  shown  also  that  with  prolonged 
heating  an  actual  decomposition  of  the  reducing  sugars  occurs. 
Since  this  decomposition  leads  to  the  formation  of  organic  acids 
which  in  the  presence  of  lime  form  objectional  calcic  salts,  it  was 
of  importance  to  see  how  great  was  this  decomposition  at  high 
temperatures.  Accordingly,  50  cc.  of  a  20%,  by  volume,  of  a 
solution  of  dextrose  was  heated  at  130"^  C.  for  half  an  hour  with 

from   1   cc.  to  10  cc.  of  --  caustic  soda,  the  total  volume  of 

the  solution  being  in  all  cases  60  cc.  The  results  obtained  are 
given  in  Table  XVIII.  In  the  solutions  after  making  up  to 
100  cc.  were  determined  the  polarization  and  the  reducing  sugars 
as  dextrose  whence  has  been  calculated  after  Browne  the  quanti- 
ties of  dextrose  and  of  levulose.  From  the  results  given  the  fol- 
lowing conclusions  are  to  be  drawn : 

TABLE  XVIII. 

Action  of  varying  amounts  of  caustic  sodS'  on  dextrose  at  130°  0.;  time  of 
heating  thirty  minutes,  Tolume  of  solution  60  c.  c. 


C.  C.  — 
5 
Caustic  Soda 


%  % 

Dextrose.     Levulose. 


Sum  of        Sugars  after  heating 
Dextrose  &  %  on  original. 

Levul'ose. 


Original 
1 
2 
3 
4 
5 
6 
7 
8 
9 


9.20 
6.30 
5.90 
5.79 
5.70 
5.52 
5.53 
5.37 
5.29 
5.25 


2.45 
2.81 
2.81 
2.83 
2.80 
2.75 
2.86 
2.87 
2.89 


9.20 
8.75 
8.71 
8.60 
8.53 
8.32 
8.28 
8.23 
8.16 
8.14 


95.1 
94.7 
93.5 
92.7 
90.4 
90.0 
89.5 
88.7 
88.5 


*  The  isomeric  changes  into  which  the  HugarH  suffer  under  certain  conditions 
(dynamic  iBomerism)  is  a  subject  of  great  interest  and  importance.  The  purelv 
academic  side  of  this  question  has  little  bearinK  on  the  manufacture  of  cane  supar;  and 
for  further  information,  the  papers  of  Lowry  and  of  Hudson  appearing  during  the 
last  few  years  in  the  Journals  of  the  Chemical  Society  of  London  and  of  the- 
American  Chemical  Society  respectively,  may  be  consulted. 
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1.  With  half  an  hour's  heating  at  130"^  C.  dextrose  is,  in  the 
presence  of  dilute  alkalies,  converted  in  a  mixture  of  dextrose  and 
levulose,  the  dextrose  being  in  excess  of  the  levulose  in  a  ratio 
varying  from  6.3  :  2.4  to  5.2  :  2.9  depending  on  the  amount  of 
alkali  present. 

2.  Simultaneously  a  certain  amount  of  reducing  sugar  is  de- 
stroyed as  such,  the  amount  destroyed  increasing  with  increase 
of  alkali. 

3.  The  amount  of  reducing  sugar  destroyed  is,  however,  small 
and  would  not  be  sufficient  to  cause  any  trouble  under  the  con- 
ditions of  cane  sugar  manufacture. 

Following  on  this  experiment,  I  prepared  a  solution  of  invert 
sugar,  the  invert  sugar  was  prepared  by  the  action  of  sulphuric 
acid  (5  cc.  of  acid  j)er  100  cc.  of  20%  by  volume  of  sugar)  at 
the  temperature  of  70  ^  C.  After  complete  inversion  the  acid  was 
neutralized  by  barium  carbonate  and  the  invert  sugar  solution 
filtered  free  from  the  sulphate  and  excess  of  carbonate. 

The  resulting  invert  sugar  solution  was  treated  precisely  as  in 
the  above  experiment  with  the  results  shown  in  Table  XIX. 
The  action  and  final  state  of  equilibrium  between  dextrose  and 
levulose  is  very  similar  to  that  found  when  dextrose  alone  was 
heated  and  the  same  conclusions  as  regards  the  action  of  high 
temperatures  on  cane  juices  are  to  be  deduced. 

TABLE  XIX. 

Action  of  varjring  amounts  of  caustic  soda  on  invert  sugar  at  130*"  C; 
time  of  heating  thirty  minutes,  volume  of  solution  60  c.  c. 


Caustic  Soda 

I 

N 

% 

Sum  of 

Sugars  after  heating 

C.  C. 

5 

Dextrose. 

Levulose. 

Dextrose  & 
Levutose. 

7c 

on  original. 

Original 

5.53 

5.53 

11.06 

•   •  • 

1 

6.99 

3.82 

10.81 

97.8 

2 

6.96 

3.50 

10.46 

94.6 

3 

6.88 

3.48 

10.36 

93.7 

4 

6.79 

3.46 

10.25 

92.7 

5 

6.75 

3.42 

10.17 

92.0 

6 

6.70 

3.40 

10.10 

91.3 

7 

6.66 

3.39 

10.05 

90.9 

8 

6.58 

3.38 

9.96 

90.1 

9 

6.55 

3.35 

9.90 

89.6 
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EXPERIMENTS  WITH   JUICES. 

The  experiments  described  above  determined  the  changes 
which  take  place  in  sugar  solutions  at  elevated  temperatures  in 
the  presence  of  alkalies,  salts  of  inorganic  and  organic  acids.  The 
behavior  of  cane  juices  will  of  course  depend  in  part  on  the 
salts  originally  present,  but  in  view  of  the  experiments  de- 
scribed above  the  dominant  factor  will  be  the  amount  of  alkali 
present  in  practice,  that  is  to  say,  the  amount  of  lime  used 
in  clarification. 

An  experiment  made  on  a  cane  juice  is  described  below.  Fifty 
cubic  centimeters  of  a  cane  juice  were  treated  with  from  0  to 

20  cc.  of  a  -^    emulsion  of  lime;  the  juices,  after  making  up  to 

a  volume  of  70  cc,  were  heated  for  30  minutes  at  the  temperature 
specified  in  Table  XX.  After  cooling  they  were  all  treated  with 
the  same  quantity  of  basic  lead  acetate  made  up  to  100  cc.  fil- 
tered and  polarized. 

Clarification  (in  its  factory  sense)  with  this  juice  would  have 
been  made  with  a  quantity  of  lime  equal  to  from  7  cc.  to  12  cc. 

of  the    ^    emulsion,  depending  on  the  caprice  of  the  operator, 

though  in  some  cases  the  writer  has  seen  with  juices  as  the  above 
larger  quantities  of  lime  employed. 

The  results  obtained  with  cane  juice  are  completely  in  accord- 
ance with  those  obtained  with  sugar  and  water,  alkalies  and  salts. 
At  temperatures  above  120"^  C.  a  point  occurs  at  which  there  is  a 
minimum  inversion  not  affected  by  increasing  quantities  of  alkali ; 
at  temperatures  of  120°  C.  and  below,  no  inversion  is  detectable 
provided  a  sufficient  amount  of  alkali  is  present. 

THE   EFFECT   OF    HIGH   TEMPERATURES   ON   THE   CLARIFICATION   OF 

JUICES. 

Although  the  main  object  of  the  experiments  detailed  above 
was  to  obtain  information  on  the  behavior  of  cane  sugar  when 
heated  in  the  presence  of  such  bodies  as  occur  in  juices,  it  was 
thought  of  some  interest  to  study  the  clarification  of  juices  at 
temperatures  above  212^  F.  By  clarification  is  included  here 
such  points  as  the  volume  occupied  by  the  mud  or  precipitate 
formed  on  liming,  the  rapidity  of  settling,  the  brightness  of  the 
juice,  the  viscosity,  and  the  rapidity  of  filtration.  Accordingly, 
a  quantity  of  juice  was  limed  under  such  conditions  as  obtain  in 
practice,  the  actual  amount  of  lime  used  being  .15%  on  the 
weight  of  the  juice;  500  cc.  of  this  limed  juice  was  then  placed 
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in  litre  beakers  and  heated  to  100°  C  105°  C,  110°  C,  115°  C, 
120°  C,  125°  C,  130°  C,  in  an  autoclave;  in  order  to  obtain  a 
rapid  heating  similar  to  what  would  happen  in  a  tubular  heater, 
such  as  is  commonly  employed,  the  smallest  safe  quantity  of  water 
was  placed  in  the  autoclave,  and  this  was  heated  to  boiling  before 
placing  in  the  juice  under  examination.  As  soon  as  the  tem- 
perature reached  the  desired  point,  the  source  of  heat  was  re- 
moved and  the  valve  opened  to  allow  the  pressure  and  tempera- 
ture to  fall  rapidly.  After  cooling,  the  juices  were  made  up  to 
original  bulk  and  examined  as  regards  the  following  points: 

a.  Brightness. — The  juice  clarified  at  100°  C.  was  fairly 
bright;  that  clarified  at  105°  C.  was  brighter;  and  those  clari- 
fied at  110°  C.  to  130°  C.  were  all  of  equal  brightness. 

b.  Volume  of  Precipitate. — The  volume  of  the  precipitate  of 
the  juices  clarified  at  100°  C.  and  105°  C  was  about  10%  greater 
than  that  of  the  others  between  which  no  difference  was  ob- 
servable. 

c.  Rapidity  of  Settling. — iSAo  appreciable  difference  was  noted 
except  that  in  the  case  of  the  juices  clarified  at  100°  C.  and 
105°  C.  some  scum  remained  floating  on  the  surface  and  refused 
to  sink. 

d.  Effect  on  Purity. — The  analysis  of  the  juices  (total  solids 
from  refractometer  and  direct  polarization)  gave  identical  figures 
in  all  cases.  From  what  has  already  been  written,  some  destruc- 
tion of  sugar  at  the  more  elevated  temperatures  must  have  oc- 
curred, but  a  comparison  of  the  results  obtained  with  a  thirty- 
minute  heating  will  show  that  the  loss  w^ould  be  undetectable  with 
a  heating  of  two  minutes'  duration. 

e.  Viscosity  of  Juices. — The  clear  supernatant  liquid  was 
separated  from  the  mud  and  examined  in  a  flow  viscosimeter. 
The  results  are  given  in  seconds  for  the  flow  of  200  cc.  under 
identical  conditions. 


Temperature  of  Clarification,  C**. 

Time  of  Flow,  Seconds 

100 

236 

105 

235 

110 

237 

115 

238 

120 

235 

125 

237 

130 

236 

From  this  experiment  then  it  is  safe  to  conclude  that  the  tem- 
perature at  which  clarification  is  effected  has  no  effect  on  the 
viscosity  of  the  resulting  clear  juice. 
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£.  Rapidity  of  Filtration. — The  mud  from  all  the  juices  was 
collected  separately  and  was  finally  obtained  in  each  case  col- 
lected in  a  volume  of  130  cc.  A  Buchner  funnel  10  cm.  in  dia- 
meter was  arranged  over  a  vacuum  receiving  flask,  and  on  the 
plate  of  the  Buchner  funnel  a  piece  of  filter  paper  (Schleicher  & 
SchuU  No.  597)  was  placed.  After  starting  the  vacuum  pump, 
the  whole  130  cc.  of  mud  and  juice  were  thrown  on  to  the  filter. 
After  the  lapse  of  five  minutes  the  pump  was  stopped  and  the 
amount  of  juice  which  had  passed  through  was  measured.  The 
results  obtained  are  given  belov/: 

Volume  of  juice  in  cubic  centi- 
meters passing  in  five  minutes 
thiiough  a  filtering  area  of  74 
square  centimeters  of  S.  &  S. 
filter  paper,  under  a  pressure 
Temperature  of  Clarification,  C*.         of  about   13  lbs.  per  sq.  in. 

100  99 

105  98 

110  99 

115  97 

120  98 

125  97 

130  97 

As  with  the  viscosity  tests,  the  results  are  very  nearly  the 
same  and  go  to  show  that  the  temperature  has  little  effect  on 
clarification. 

g.  Amount  of  Precipitate  Formed. — Since  it  had  been  found 
that  the  purity  in  all  cases  was  the  same,  it  naturally  follows 
that  the  amount  of  non-sugar  removed  from  solution  is  also  the 
same.  To  experimentally  test  this  point  in  another  way,  the 
mud  from  500  cc.  of  juice  clarified  at  difi^erent  temperatures  was 
collected,  washed,  dried,  and  weighed.  The  results  obtained  are 
given  below : 


Dry      Weight      \)f 

Precipitate, 

Temperature  cf  Clarification,  C°. 

Grams  per  500  c. 

c.  of  Juice. 

100 

1.832 

105 

1.804 

110 

1.810 

115 

1.822 

120 

1.828 

125 

1.820 

130 

1.816 

These  weights  are  nearly  identical  and  show  that  the  tem- 
perature has  no  effect  on  the  amount  of  non-sugar  precipitated  by 
the  action  of  lime  in  clai  ification.    It  mav  be  remarked  that  these 
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weights  of  mud  are  much  less  than  are  obtained  in  the  dr}-  press 
cake  in  regular  factory  work.  In  the  latter  case  fiber  due  to  the 
milling  process  and  dirt  attached  to  the  canes  increase  the  weight 
of  the  press  cake.  The  juice  used  in  these  experiments  was  first 
strained  through  linen  bags. 

ON    THE    STERILIZATION    OF    JX'ICES   AND   REMELTED   SUGARS. 

In  a  previous  publication  from  this  Station  the  connection  be- 
tween deterioration  of  sugar  on  storage  and  in  transit  and  the 
presence  of  bacteria  was  discussed.  It  was  there  shown  that 
sugars  which  contained  less  than  1%  of  water  did  not  suffer 
deterioration  even  when  infected  with  very  large  numbers  of 
bacteria.  The  very  great  proportion  of  sugar  shipped  from  these 
island  contains  less  than  1%  of  water,  and  complaints  of  deterio- 
ration are  now  uncommon,  although  occasionally  a  loss  from  this 
cause  comes  to  the  notice  of  this  Station.  It  was  for  this  reason 
thought  advisable  to  examine  the  possibility  of  obtaining  sterile 
juices  through  the  application  of  high  temperatures. 

Some  preliminary  work  in  this  connection  has  been  described 
in  a  previous  publication  wherein  it  was  shown  that  the  raw 
juice  contained  a  very  large  number  of  bacteria,  some  of  which 
survived  the  passage  through  the  boiling  house.  In  addition,  the 
low  grade  sugars  stored  over  long  periods  were  found  to  be  in- 
variably infected  with  large  numbers  of  bacteria,  and  the  intro- 
duction of  these  sugars  whether  remelted  or  as  seed  v/ill  serve 
to  add  organisms  to  those  originally  present  in  the  juice  and 
which  have  survived  the  passage  through  the  boiling  apparatus. 
The  starting  point  in  this  investigation  was  a  typical  low  grade 
sugar  of  age  one  year  from  the  time  that  it  was  struck  into 
receivers.  It  was  of  polarization  about  85  and  slightly  acid  in 
reaction.  A  count  of  the  number  of  organisms  which  developed 
on  plating  out  showed  that  it  contained  about  100,000  bacteria  per 
gram.  It  was  therefore  a  suitable  sugar  for  the  purpose  of  the 
experiment  which  was  to  determine  the  temperatures  and  dura- 
tion of  heating  necessary  to  kill  the  bacteria  inhabiting  the  sugar. 
The  routine  of  the  determinations  made  was  as  follows: 

A  5%  solution  of  the  sugar  was  made  up  and  2  cc.  of  this 
solution  was  seeded  into  10  cc.  of  melted  nutrient  agar  agar  con- 
tained in  test  tubes.  The  tubes  and  their  contents  were  then  placed 
in  an  autoclave  in  which  the  water  was  already  boiling  under  at- 
mospheric pressure.  They  were  then  kept  for  the  time  and  at  the 
temperatures  given  in  the  tables  below.  Immediately  on  remov- 
ing from  the  autoclave  the  contents  of  the  tubes  were  poured  into 
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Petri  dishes  and  incubated  at  30°  C.  After  24  hours  the  number 
of  colonies  which  developed  were  counted.  The  results  obtained 
are  tabulated  below  and  give  the  average  of  three  experiments: 


NUMBER  OE  ORGANISMS   REFERRED  TO  ONE  GRAM   OF  SUGAR. 


iure  and 

Pressure 

above  Ati 

mosphere; 

Pounds  per  sq.  in. 

100.**  U. 

105**  C. 

llO'C. 

115*^0. 

120**  C. 

125**  C. 

212'' F. 

221  op 

230**  F. 

239**  F. 

248°  F. 

257°  F. 

0 

2.8 

6.1 

9.8 

14.1 

19.0 

About   100,000 

13,000 

3,050 

1,600 

800 

230 

Sterile 

12,300 

2,620 

970 

120 

Sterile 

Sterile 

10,900 

2,410 

200 

Sterile 

Sterile 

Sterile 

10,800 

2,020 

Sterile 

Sterile 

Sterile 

Sterile 

8,010 

1,900 

Sterile 

Sterile 

Sterile 

Sterile 

7,700 

1,790 

Sterile 

Sterile 

Sterile 

Sterile 

Minutes 

0 

5 
10 
15 
20 
25 
30 


This  experiment  does  not  give  the  actual  effect  of  the  tem- 
perature entered,  for  in  addition  to  the  time  over  which  the  sugar 
was  kept  at  the  specified  temperature  must  be  added  the  time 
taken  to  reach  that  temperature;  this  was  observed  and  found 
to  be 

From  100°  to  105°  C,     3  minutes 

100°  to  110°  C,     6  minutes 

100°  to  115°  C,  10  minutes 

100°  to  120°  C,  15  minutes 

100°  to  125°  C.  21  minutes 


a 


n 


ii 


H 


An  experiment  was  then  made  to  determine  the  thermal  death 
point  of  the  bacteria  occurring  in  low  sugars.  It  was  found  that 
250  cc.  of  water  was  the  minimum  quantity  which  could  be  placed 
in  the  autoclave  and  allow  the  temperature  to  be  rapidly  raised 
without  burning  out  the  bottom  of  the  apparatus.  Accordingly* 
this  quantity  of  water  was  placed  in  the  autoclave  and  raised  to 
the  boiling  point  under  atmospheric  pressure.  Nutrient  agar 
agar  tubes  infected  with  2  cc.  of  a  5%  solution  of  the  low 
sugar  and  contained  in  a  beaker  of  water  at  the  boiling  point 
were  placed  in  the  autoclave  which  was  rapidly  closed  and 
heated  by  six  bunsen  burners  of  the  general  laboratory  pat- 
tern. A  rapid  elevation  of  temperature,  designed  to  simulate 
the  action  of  a  live  steam  tubular  heater  was  thus  obtained. 
When  the  desired  temperature  was  reached,  the  gas  was 
turned  off  and  the  valve  of  the  autoclave  opened  full  so  as  to 
allow  the  temperature  to  fall  rapidly.  The  results  obtained 
are  given  below' : 
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On  examining  the  organisms  in  the  colonies  which  developed 
on  incubation  after  heating  to  the  more  elevated  temperatures, 
it  was  found  that  only  one  type  was  present.  Subcultures 
were  made  from  a  number  of  these,  and  in  all  cases  a  pure 
culture  of  that  organism  described  by  Lewton-Brain  and  the 
present  writer  as  Bacillus  C  was  obtained.  This  organism 
is  a  spore  forming  bacillus,  and  was  found  to  cause  rapid  de- 
terioration in  sugars,  combined  with  the  formation  of  large 
quantities  of  gums. 

Having  determined  the  temperature  and  duration  of  heat- 
ing necessary  to  obtain  sterility  in  low  sugars,  experiments 
were  made  to  determine  the  effect  of  elevated  temperatures 
on  such  bodies  both  as  they  actually  exist  and  in  the  presence 
of  small  quantities  of  alkalies.  The  experiments  were  made 
precisely  as  described  when  studying  the  action  of  elevated 
temperatures  on  cane  sugar  with  the  following  results  speci- 
fied below. 

A  40%  solution  of  the  low  sugar  had  an  acidity  equal  to  4cc. 
■~  acid  per  100  cc.  of  solution ;  50  cc.  of  a  40%  solution  of  this 


sugar  was  heated  for  30  minutes  in  the  presence  of  varying 
quantities  of  alkali  with  the  following  results. 
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4  cc.  -^ 


10 


100    Inversion  was  not  detected  with  the  addition  of  no  alkali. 

105    Inversion  was  not  detected  with  the  addition  of     2  cc. 

alkali. 
110    Inversion  was  not  detected  with  the  addition  of 

alkali. 
115    Inversion  was  not  detected  with  the  addition  of    6  cc. 

alkali. 
120    Inversion  was  not  detected  with  the  addition  of     8  cc. 

alkali. 
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10 
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125    Inversion  was  at  a  minimum  with  the  addition  of  10  cc.  -^- 

alkali. 
130    Inversion  was  at  a  minimum  with  the  addition  of  12  cc.  -j^ 

alkali. 

135    Inversion  was  at  a  minimum  with  the  addition  of  14  cc.    f- 

alkali. 
Since  in  the  experiments  on  the  temperatures  and  direction  of 
heating  necessary  to  obtain  sterility  it  was  found  that  the  thermal 
death  point  occurred  at  125°  C,  it  can  be  said  that  low  sugars 
in  solution  can  be  absolutely  sterilized  by  momentarily  heating  to 
125°  C.  without  a  detectable  loss  of  sugar  provided  that  the 
heating  is  effected  in  the  presence  of  a  certain  quantity  of  alkali. 

ON  THE  NATURE  OF  ACIDS. 

In  ihis  publication  and  in  a  previous  one,  the  action  of 
neutral  salts  on  the  inversion  of  cane  sugar  both  in  the  pres- 
ence of  acids  and  aqueous  solution  has  been  examined.  The 
accelerative  action  of  the  halides  and  nitrates  of  the  alkalies 
and  alkaline  earths  first  noticed  by  Arrhenius^**  has  been  ex- 
amined in  detail.  It  was  found  that,  there  was  a  progressive 
increase  in  the  accelerative  action  from  chloride  to  bromide 
to  iodide ;  and  that  of  the  bases  examined,  no  difference  in  the 
acceleration  was  noticed  due  to  the  influence  of  the  bases. 
With  sulphates  and  all  alkaline  salts  of  weaker  acids,  a  re- 
tardation of  the  rate  of  inversion  occurs. 

The  acceleration  of  the  rate  of  inversion  of  cane  sugar  by 
acids  due  to  the  presence  of  neutral  salts,  is  directly  opposed 
to  the  ionic  hypothesis  under  which  the  concentration  of  the 
hydrogen  ions  (to  the  presence  of  which  the  properties  of 
acids  are  stated  to  be  solely  and  entirely  due)  is  diminished 
in  the  simultaneous  presence  of  a  neutral  salt  of  the  acid. 
This  behavior  is  explained  by  Arrhenius  on  the  assumption 
that  the  "active  mass"*  of  the  cane  sugar  is  increased  by  the 
presence  of  the  neutral  salt;  indeed,  he  carries  the  ionic  hy- 
pothesis so  far  as  to  calculate  the  theoretical  rate  of  the  in- 
version due  to  the  calculated  number  of  hydrogen  ions  pres- 


*  When  a  body  is  in  solntion,  it  is  hard  to  obtain  a  conception  of  a  variation  in 
the  active  maKs  unless  the  dissolved  bodv  is  conceived  as  consisting  of  associated 
molecules  which  break  into  simpler  molecules  under  the  action  of  a  change  in  the  sol- 
vent, as  by  the  presence  of  a  neutral  salt.  An  analogy  to  this  conception  would  be 
the  increase  in  the  exposed  area  (active  mass)  of  the  sides  of  a  solid  obtained  by 
cutting  any  solid  into  two  pieces. 
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ent,  the  concentration  of  which  is  depressed  by  the  simul- 
taneous presence  of  the  neutral  salts. 

Other  explanations  of  this  accelerative  action  are  that  the 
neutral  salt  ^'stimulates**  the  activity  of  the  hydrogen  ions  and 
that  the  addition  of  the  neutral  salt  has  a  '^concentrating'*  ef- 
fect produced  by  the  combination  of  the  salt  with  water. 

It  was  shown  by  Long^^  that  salts  of  the  heavy  metals  pro- 
duce inversion  and  act  in  a  way  similar  to  acids.  This  inversion 
is  explained  as  a  hydrolysis  under  the  equation 

M  +  X'  +  H.OH     '       .,     M.OH-f-X'  +  H 

whereby  the  salt  of  a  strong  acid  and  weak  base  is  split  up  in 
solution  into  the  base  and  free  hydrogen  ions  and  free  acid 
radicle  ions.  In  this  way  there  is  supposed  to  be  introduced 
into  the  solution  free  hydrogen  ions  to  which  the  acid  prop- 
erties of  a  salt,  such  as  zinc  chloride  in  solution,  are  due. 

The  inversion  of  cane  sugar  under  the  influence  of  neutral 
salts  of  the  type  of  sodium  chloride  in  aqueous  solution  in- 
dependent of  the  presence  of  an  acid  is  usually  stated  not  to 
occur.  Apparently  the  influence  of  these  bodies  has  been 
previously  tested  up  to  the  arbitrary  temperature  fixed  by 
the  boiling  point  of  water  under  atmospheric  pressure.  At 
temperatures  very  little  above  this  the  inversion  of  cane  sugar 
under  the  influence  of  neutral  salts  is  quite  apparent  and  is 
so  pronounced  as  to  take  place  even  in  faintly  alkaline  solu- 
tions. Under  these  circumstances  the  presence  of  free  hydro- 
gen ions  is  (following  the  ionic  hypothesis)  impossible;  and 
consequently  the  inversion  of  cane  sugar  under  these  condi- 
tions can  not  be  due  to  the  presence  of  hydrogen  ions.  Under 
the  ionic  hypothesis,  all  the  properties  of  acids  are  referred 
to  the  properties  of  hydrogen  ions,  and  the  strength  of  an  acid 
is  regarded  as  due  to  the  degree  of  dissociation.  Similarly, 
the  acid  properties  shown  by  salts,  such  as  aluminum  sul- 
phate, zinc  chloride,  is  referred  to  the  formation  of  hydrogen 
ions  on  solution  due  to  a  process  of  hydrolysis. 

Conversely,  the  properties  of  all  bases  are  referred  to  the 
possession  of  an  hydroxyl  ion.  Water  itself  is  supposed  to 
contain  a  limited  number  of  free  hydrogen  and  hydroxyl  ions ; 
and  a  dilute  aqueous  solution  of  cane  sugar  is,  under  the  ionic 
hypothesis,  supposed  at  ordinary  temperatures  to  be  slowly 
undergoing  inversion,  although  the  rate  of  change  is  so  slow 
as  not  to  be  measurable  even  with  a  time  interval  of  years. 
A  very  minute  quantity  of  an  acid  will  so  accelerate  this  al- 
leged rate  of  inversion  that  the  rate  of  inversion  in  *^he  pres- 
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ence  of  a  trace  of  acid  is  greater  than  the  rate  of  inversion  in 
pure  aqueous  solution  in  much  greater  degree  than  has  the 
concentration  of  the  alleged  hydrogen  ions  been  increased  by  the 
addition  of  a  trace  of  acid. 

This  behavior  and  the  behavior  of  neutral  salts  at  temper- 
atures above  the  boiling  point  of  water  and  of  salts,  such  as 
zinc  chloride  at  lower  temperatures,  can  be  explained  on  the 
idea  that  the  properties  of  acids  are  not  due  to  the  hydrogen 
ions,  but  to  the  acid  radicle;  in  the  case  of  hydrochloric  acid 
to  the  CI,  and  that  acidity  is  a  specific  property  of  certain 
elements  (CI,  Br,  I,  etc.)  or  of  certain  groups  of  elements 
(SO4,  CH3COO,  etc.).  Under  this  conception  the  role  of  hy- 
drogen in  those  bodies  referred  to  as  acids  is  that  of  a  vehicle 
for  the  conveyance  of  the  acid  radicles  to  which  the  properties 
of  acids  are  due  and  the  universal  occurrence  of  hydrogen  in 
those  bodies  usually  referred  to  as  acids,  is  because  of  its 
absence  of  properties  whereby  the  acid  properties  of  the  acid 
radicle  become  apparent.  On  this  conception,  the  acidity  is 
a  specific  property  of  certain  elements  or  radicles  and  the 
strength  of  different  acids  is  due  to  this  property  and  is  not 
due  to  the  concentration  of  the  hydrogen  ions. 

Conversely,  the  properties  of  an  alkali  are  not  due  to  the 
possession  of  a  hydroxyl  group,  but  are  specific  to  certain  ele- 
ments or  groups,  and  the  hydroxyl  group  acts  as  a  vehicle  for 
making  these  properties  apparent  precisely  as  hydrogen  serves 
as  a  vehicle  in  acids.  Following  on  this  idea  a  certain  spe- 
cific alkalinity  or  acidity  can  be  attributed  to  alkalies  or  acid 
elements  or  groups.  When  the  specific  alkalinity  and  acidity 
are  nearly  the  same  a  neutral  salt  results  through  the  combi- 
nation ;  an  alkaline  salt  results  when  an  element  (as  sodium) 
of  large  specific  alkalinity  unites  with  a  group,  as  CHgCOO, 
of  low  specific  acidity ;  and  an  acid  salt  results  in  such  com- 
binations as  Alot 504)3,  ZnCU. 

Further,  on  this  conception  the  non-inversion  of  cane  sugar 
by  water  at  ordinary  temperatures,  even  though  hydrogen 
ions  are  present,  and  its  inversion  by  the  addition  of  a  trace 
of  acid  is  explained,  since  the  peculiar  properties  of  acids  are 
supposed  not  to  be  due  to  the  hydrogen,  but  to  the  other  part 
of  the  combination — that  is  to  say,  on  adding  a  minute  trace 
of  an  acid,  say  hydrochloric  acid,  to  a  sugar  solution,  we  add 
hydrogen  ions  (for  the  moment,  using  the  language  of  the 
ionic  hypothesis).  Hydrogen  ions  were  originally  present  in 
the  water  and  inversion  did  not  occur,  hence  the  inversion  is 
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due  to  the  other  thing  added — that  is  to  say,  to  the  chlorine 
ions. 

As  regards  the  effect  of  neutral  salts  on  accelerating  the 
rate  of  inversion  of  cane  sugar,  it  is  to  be  noticed  that  in  so 
far  as  regards  the  salts  of  the  alkalies  and  alkaline  earths,  it 
is  only  the  salts  of  the  strongest  acids  that  accelerate  the  rate 
of  inversion,  and  that  salts  of  weaker  acids  retard  the  rate  of 
inversion.  A  salt  consists  of  two  parts, — one  of  which  occurs 
in  acids,  and  one  of  which  occurs  in  bases.  The  acceleration 
or  retardation  should  then  be  due  to  the  combined  effect  of 
these  two  parts.  If  the  specific  effect  of  the  acid  part  of  salt 
is  greater  than  the  specific  effect  of  the  alkaline  part  of  the 
salt,  an  acceleration  will  happen,  the  reverse  obtaining  when 
the  specific  effect  of  the  alkaline  part  of  a  salt  is  the  greater. 

Thus,  in  salts  of  the  nature  of  sodium  chloride,  typical  rep- 
resentatives of  a  neutral  salt,  it  is  suggested  that  the  specific 
acid  effect  due  to  the  CI  is  greater  than  the  specific  alkaline 
effect  due  to  the  Na.  In  a  salt  of  the  nature  of  sodium  sul- 
phate, also  a  typical  neutral  salt,  the  specific  alkaline  effect  of 
the  Na  is  greater  than  the  specific  acid  effect  of  the  SO4. 
Similarly,  in  salts  of  the  nature  of  aluminum  sulphate  the  spe- 
cific alkaline  effect  of  the  Al  is  so  small  compared  with  the 
specific  acid  effect  of  the  SO^  that  an  acid  salt,  easily  recog- 
nizable as  such,  results ;  and  with  salts,  such  as  sodium  acetate, 
an  alkaline  salt  results,  due  to  the  very  small  specific  acid  prop- 
erty of  the  CH3COO  group. 

At  once  a  difficulty  arises  in  this  conception  of  the  nature  of 
acids  from  certain  experimental  observations  made  in  this 
publication  and  in  a  previous  one  (Bulletin  35  of  this  series). 
It  was  observed  that  at  ordinary  temperatures  sulphates  of 
the  alkalies  and  alkaline  earths  and  of  ammonium,  retarded 
the  rate  of  inversion.  At  the  temperature  of  boiling  water 
ammonium  sulphate  causes  inversion  rapidly.  At  tempera- 
tures above  the  boiling  point  of  water  sulphates  of  the  alkalies 
and  magnesium  sulphate  cause  the  inversion  of  cane  sugar. 
The  inversion,  due  to  ammonium  salts  generally,  is  usually 
stated  to  be  due  to  the  driving  off  of  ammonia  and  an  acid 
solution  remaining.  In  my  experiments,  however,  I  was  able 
to  obtain  inversion  with  ammonia  salts  in  the  presence  of  free 
ammonia,  the  solution  after  heating  still  remaining  alkaline. 

This  behavior  I  would  explain  as  follows :  A  salt  consists 
of  two  parts, — the  acid  part  (CI,  SO4,  etc.),  and  the  alkaline 
part  (Na,  etc.).    The  specific  effects  of  these  two  parts  are  a 


function  of  the  temperature  and  are  affected  by  temperature 
independently  of  each  other.  At  ordinary  temperatures  the 
specific  alkaline  effect  of  NH4,  Na,  etc.,  is  greater  than  the 
specific  acid  effect  of  SO4  and  a  salt  of  an  alkaline  nature 
(i.  e.,  alkaline  in  so  far  as  it  retards  the  rate  of  inversion  of 
cane  sugar)  results.  With  the  rise  of  temperature  the  spe- 
cific acid  effect  of  SO4  increases  more  rapidly  than  does  the 
specific  alkaline  effect  of  NH,  Na,  etc.,  and  eventually  a  salt 
with  acid  properties  as  evidenced  by  the  inversion  of  cane 
sugar  results.  The  difference  in  behavior  between  ammon- 
ium salts  and  salts  of  the  alkalies  and  alkaline  earths,  then, 
resolves  itself  into  a  difference  in  the  rate  of  increase  of  the 
specific  alkaline  effect  due  to  a  rise  in  temperature;  in  the 
case  of  ammonium  salts,  the  rate  of  increase  being  less  than 
in  the  case  of  the  salts  of  the  alkalies  and  alkaline  earths. 

Further,  in  support  of  the  conception  of  a  specific  acid  ef- 
fect as  a  property  of  certain  elements  or  groups,  the  behavior 
of  acetic  acid  and  the  substituted  mono-,  di-,  and  tri-chlora- 
cetic  acids  may  be  mentioned.  With  these  acids  a  progressive 
and  very  large  rise  in  the  strength  of  the  acid  occurs  with 
each  substitution  of  chlorine  in  the  molecule.  Under  the  ionic 
hypothesis  this  increase  in  the  strength  of  the  acid  is  stated 
to  be  due  to  an  increased  dissociation  on  solution.  It  is  sug- 
gested that  this  behavior  is  really  due  to  the  specific  acid  ef- 
fect of  the  chlorine  which  remains  definite  and  pronounced, 
although  the  chlorine  atom  is  not  attached  directly  to  a  hy- 
drogen atom. 

A  difficulty  in  the  way  of  formulating  this  conception  of  the 
nature  of  an  acid  was  the  inversion  which  cane  sugar  under- 
goes at  higher  temperatures  even  in  alkaline  solution,  and 
hence  independent  of  a  specific  property  of  acids  or  of  salts. 
This  breaking  down  of  the  cane  sugar  molecule  at  high  tem- 
peratures may  be  regarded  as  one  independent  of  the  inver- 
sion by  acids,  acid  salts,  and  neutral  salts.  The  identity  of 
the  products  of  the  breaking  down  at  high  temperatures  and 
those  formed  on  inversion  being  accidental. 

Finally,  water  is  regarded  as  a  neutral  body.  It  is  gen- 
erally pictured  as  consisting  as  of  the  composition  H.OH — 
that  is  to  say,  as  made  up  of  the  bodies  to  which  acid  and  al- 
kaline properties  are  respectively  due,  and  its  neutrality  may 
be  ascribed  to  the  exact  neutralization  of  the  acid  properties 
of  H*  by  the  alkaline  properties  of  -OH.*     On  the  other  hand. 


*  It  is  a  matter  of  indiflference  in  this  argument  whether  ions  exist  or  not,  since 
for  each  H.  ion  there  must  be  an  .OH  ion. 
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the  neutral  properties  of  water  may  be  regarded  as  due  to  the 
fact  that  the  properties  of  the  H  *  group  and  the  'OH  are  both 
neutral — i.  e.,  the  absence  of  any  pronounced  properties  and 
that  in  acids  and  alkalies  they  serve  simply  the  part  of  vehicles. 

This  view  of  the  nature  of  acids  and  alkalies,  referring  their 
properties  not  to  H  •  and  OH,  respectively,  but  to  the  other 
constituent  of  the  molecule,  receives  confirmation  from  the 
work  which  has  been  done  in  recent  years  by  Franklin  and 
his  associates  on  the  properties  of  liquid  ammonia;  they  have 
shown  that  when  sodamide  NaNHj  is  dissolved  in  liquid  am- 
monia an  alkaline  solution  results,  and  conversely  that  when 
acetamide  CHgCONHj  is  dissolved  in  the  same  solvent  an 
acid  solution  is  obtained.  As  regards  aqueous  solution,  caustic 
soda  and  acetic  acid  are  the  analogues ;  the  constituent  of  the 
sodamide  and  caustic  soda  common  to  both  bodies  is  Na  *,  and 
it  is  to  this  constituent  that  the  alkaline  properties  are  to  be 
attributed,  the  'XHa  in  the  case  of  sodamide  dissolved  in 
liquid  ammonia  serving  as  the  inactive  vehicle ;  indeed,  in  this 
case  alkalinity  due  to  OH  is  impossible,  since  it  does  not  ap- 
pear in  this  combination ;  a  similar  argument  holds  as  between 
acetic  acid  and  acetamide,  attributing  the  acid  properties  of 
both  to  that  constituent  which  appears  in  both  combinations 
to  the  exclusion  of  the  H  •  ion,  which  can  only  appear  in  the 
solution  of  acetic  acid  in  water. 

Summary. — In  this  publication  the  effect  of  high  tempera- 
tures on  cane  sugar  in  solution  has  been  studied,  and  it  has 
been  found : — 

1.  That  at  temperatures  above  100  **  C.  cane  sugar  is  in- 
verted even  in  alkaline  solutions. 

2.  The  inversion  first  becomes  noticeable  at  about  110°  C. 
and  increases  rapidly  with  increasing  temperature. 

3.  The  connection  between  rate  of  inversion  at  one  tem- 
perature and  at  another  is  given  by  an  expression  of  the  form 

A  (Ti  —  To> 
.  Cl    =     Co  e  Ti  To 

where  C,  and  Co  are  the  rates  of  inversion  at  T,  and  To;  e  is 
the  base  of  the  natural  system  of  logarithm ;  and  A  is  a  con- 
stant of  value  about  35,000. 

4.  Chlorides,  bromides,  iodides,  nitrates,  sulphates  of  the 
alkalies  and  alkaline  earths,  materially  increase  the  rate  of  in- 
version at  high  temperatures  in  neutral  or  in  alkaline  solu- 
tions. 


44 

5.  The  action  of  the  neutral  salts  of  the  alkaline  earths  is 
much  greater  than  is  that  of  the  neutral  salts  of  the  alkalies. 

6.  At  high  temperatures  sulphates  of  the  alkalies  and  al- 
Icaline  earths,  which  at  lower  temperatures  retard  the  rate  of 
inversion,  invert  cane  sugar. 

7.  Neutral  salts  of  weaker  acids  act  similarly  to  alkalies 
and  retard  inversion  at  high  temperatures. 

8.  The  dominant  factor  in  determining  the  rate  of  inver- 
sion at  temperatures  above  100°  C  is  the  amount  of  free 
alkali. 

9.  The  inversion  caused  by  varying  quantities  of  neutral 
salt  is  proportional  to  the  amount  of  salt  present. 

10.  Wilhelmy's  law  of  mass  action  does  not  hold  as  re- 
gards quantity  of  sugar  inverted  in  unit  time,  but  the  rate  of 
inversion  increases  with  the  time  and  is  about  thirtv  times 
as  great  for  a  thirty-minute  period  as  for  a  five-minute  period. 

11.  The  system  obtaining  in  cane  juices  is  a  very  complex 
one,  consisting  of  very  variable  amounts  of  salts  of  both  strong 
and  weak  acids  and  of  free  alkali.  Hence  a  temperature  which 
may  be  safe  with  one  juice  may  cause  serious  inversion  in 
another.  With  the  conditions  usually  prevailing  in  local  fac- 
tories, juices  should  suffer  a  half  hour's  heating  at  120°  with 
no  detectable  loss  of  sugar.  It  would  be  conservative  to 
adopt  this  temperature  as  the  highest  to  which  cane  juices 
should  be  subjected  during  the  process  of  evaporation,  though 
under  a  careful  system  of  control  and  observation  a  temper- 
ature of  125°  (or  even  130"^  C.  for  shorter  periods)  might  be 
permissible. 

12.  In  the  presence  of  neutral  salts  of  strong  acids  at  high 
temperatures  the  isomerization  of  dextrose  is  small.  It  is 
larger  with  sulphates  of  the  alkalies  and  larger  still  with  the 
alkali  salts  of  weak  acids. 

13.  In  the  presence  of  alkalies  at  high  temperatures  dex- 
trose is  isomerized  into  a  mixture  of  dextrose  and  levulose. 
Simultaneously  there  is  a  fall  in  polarization.  The  dextrose 
is  in  excess  of  the  levulose  in  proportion  about  2:1 ;  a  portion 
of  the  reducing  sugars  is  destroyed  as  such,  the  amount  destroyed 
increasing  with  increase  in  alkali. 

14.  When  invert  sugar  is  heated  under  the  same  condi- 
tions as  in  12,  a  portion  of  the  levulose  is  isomerized  to  dex- 
trose, the  proportion  of  dextrose  :  levulose  obtaining  event- 
ually being  very  similar  to  what  obtains  when  dextrose  alone 
is  heated.    As  with  dextrose,  a  portion  of  the  reducing  sugars 
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disappears   and   the   destruction   with   invert   sugar   is   compar-^ 
able  to  the  destruction  when  dextrose  alone  is  heated. 

15.  Probably  in  the  presence  of  alkali  a  fixed  equilibrium 
between  dextrose  and  levulose  obtains,  the  position  of  equilibrium 
being  rapidly  obtained  at  high  temperatures. 

16.  The  sterilization  of  cane  suj^ar  products  is  possible, 
since  it  occurs  almost  instantaneously  at  125°  C,  which  is 
very  close  to  the  thermal  death  point  of  the  most  heat  resist^ 
ant  sugar  house  bacteria,  and  since  at  this  temperature  in 
alkaline  solution  the  inversion  of  cane  sugar  is  very  slow. 

17.  The  effect  of  high  temperatures  on  "clarification"  is 
very  small ;  the  most  that  can  be  hoped  for  is  a  juice  from 
which  the  dirt  might  be  separated  with  a  little  more  ease. 

18.  The  dark  coloration  observed  when  cane  sugar  is- 
heated  at  high  temperatures  in  the  presence  of  alkalies  does 
not  indicate  a  detectable  destruction  of  sugar. 

19.  The  use  of  high  temperature  evaporation  and  the  pre- 
heater  system  of  evaporation  and  also  the  sterilization  of  all 
cane  sugar  house  products,  is  possible  under  a  rational  system 
of  control. 
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LETTER  OF  TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 
Honolulu,  Hawaii. 

Dear  Sirs: — I  herewith  submit  for  publication  as  Bulletin 
No.  37,  of  the  Agricultural  and  Chemical  Series,  an  article 
by  Air.  S.  S.  Peck,  Chemist,  entitled  *^Lysimeter  Experiments." 

Yours  very  truly, 

C.    F.    ECKART, 


Director. 


Honolulu,  July  5,  1911. 


LYSIMETER  EXPERIMENTS. 


By  S.  S.  Peck. 

The  experiments  re})orted  in  this  bulletin  have  for  their 
object  principally  the  study  of  (1)  the  eifect  of  various  forms 
of  lime  on  the  formation  of  nitric  nitrogen  in  an  acid,  mauka 
(ujdand)  soil  from  a  wet  district  of  thesi*  Islands;  and  (2) 
the'  effect  of  various  fertilizer  salt.s  alone  and  in  combination 
on  the  formation  of  nitric  nitrogen  in  an  alkaline  makai  (low- 
land) soil  from  a  district  of  limited  rainfall.  The  results  are 
not  intended  to  be  interpreted  as  giving  any  definite  conclu- 
sions as  to  the  effects  of  the  various  treatments  on  cane  crop 
production.  While  from  numerous  experiments  it  has  been 
fairly  well  established  that  the  nitrogen  more  than  the  potas- 
sium or  phosphorus  is  the  ^'dominant''  fertilizing  constituent 
for  cane  crops,  it  is  true  only  in  a  measure  that  conditions 
which  make  for  increased  production  of  nitric  nitrogen  will 
necessarily  be  accomj)anied  by  increased  croj)  returns;  it  is 
possible  in  given  cases  that  the  l)est  treatment  on  a  soil  with 
this  object  in  view  may  result  in  unfavorable  conditions  for 
j)lant  (kn'elopment  or  exert  an  ultimate  harmful  influcmce  on 
the  fertilitv  of  the  soil.  For  this  reason,  while  in  this  bulle- 
tin  the  tests  will  be  classified  according  to  ihe  nitric  nitrogen 
j)roduce(l  by  the  respective  treatments,  it  must  l)e  thoroughly 
understiXKl  that  they  do  not  rej)resent  and  cannot  sui)plant 
actual  trials  in  the  field,  with  the  weight  of  s<n"eral  crops  and 
the  condition  of  the  soil  after  the  crops  as  the  deciding  factors. 

trails  Used,  The  upland  soil  was  taken  from  the  surface 
twelve  inches  of  land  not  long  under  cultivation,  at  an  eleva- 
tion of  1700  feet  on  Hawaii  on  tlie  windward  side  of  the 
Island.  It  is  high  in  organic  matter,  with  a  reaction  acid  to 
litmus,  and  of  a  loose,  friable  texture.  The  lowland  soil  came 
from  Kauai,  and  was  light  red  in  color  and  alkaline  to  litmus. 
This  latter  soil  has  l)een  under  cultivation  for  some  time,  and 
had  apparently  received  Avithin  a  few  seasons  a  lil)eral  aj)pli- 
(*ation  of  lime.  It  was  of  a  porous  texture,  easily  permeable 
to  water.  The  soils  were  subjected  to  the  usual  analyses,  with 
the  following  results: 
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SOLITBLE  IN  ONE  PER  (  ENT  ASPARTK^ 

LUTION. 

Upland. 

Lime O.X)35% 

Potash 0.005% 

Phosphoric  Acid Trace 

AGRICULTURAL    ANALYSIS. 

Upland. 

Insoluble  Residue 19.17 

Soluble  Silica 3.45 

Ferric  Oxide 23.12 

Aluminic  Oxide 13.90 

Manganese  Oxido 12 

Ijime 85 

Magnesia 2.47 

Potash 18 

Soda 29 

Sulphuric  Anhydride 37 

Phosphoric  Anhydride 25 

Chlorine 003 

Loss  on  Ignition 35.47 

Nitrogen 82 

Ilumus 17.41 

Nitrogen  %  Humus 3.59 

Ilumus  Nitrogen  %  Soil 63 

MECHANICAL    ANALYSIS. 

Upland. 

Loss  on  Ignition 49.17 

Coarse  Grits 

Fine  Grits 1.61 

Coarse  Sand 89 

Medium  Sand 5.34 

Fine  Sand 18.24 

Coarse  Silt 11.11 

Fine  Silt 12.87 

Clay 77 

Clay* 

*Seven  days  subsiding. 


A(^ID  SO- 

Lowland. 

0.290% 

0,0182% 

0.0003% 

Lowland. 

28.80 

6.60 

18.08 

26.44 

.46 

.84 

.84 

.51 

.94 

.13 

.38 

.027 

15.52 

.27 

6.80 

2.36 

.16 


Lowland- 

27.72 
.23 
.53 
.65 

.85 

19.72 

17.46 

25.28 

7.26 

.88 


BIO-CHEMICAL   ANALYSIS. 

Bacterial  Count,  Organisms  per  Oram  Soil. 

L4pman's  Syn- 
thetic Agar.  Beef  Agar. 

Upland 280,000  400,000 

Lowland 5,000,000         1,400,000 

Denitrification  by  10  grams  of  soil  in  Oiliay's  solution  con- 
taining 24.6  milligrams  nitric  nitrogen  per  100  cc: 

Milligrams  Nitric  Nitrogen  Re- 
maining in  100  cc: 

3  days.        6  days. 

Upland 21.0  9.7 

Lowland ;   ...    None         None 

Ammomfication  by  10  grams  of  soil  m  onne  per  cent  peptone 
solution: 

Milligrams  Nitrogen 
as  Ammonia. 

7  days.      10  days. 

Upland. 71.4  87.9 

Lowland 103.0         122,1 

Nitrogen  fixation  by  10  grams  of  soil  in  ly^  per  cent  mmir 

nite  solution.     Time,  21  days: 

Milligrams  Ni- 
trogen per 
Milligrams       gram  of 
Nitrogen.        Mannite. 

Upland 16.52  5.54 

Lowland 26.94  8.98 

Nitrification  by  10  grams  of  soil  in  Omeliomsky  solution 

containing  47.6  mgms.     Nitrogen  a^  amfimoma  per  100  cc, : 

Milligrams  Nitric  Nitrogen 
per  100  cc. 

28  days.     34  days. 

Upland.. 13.6  18.1 

Lowland 7.6  7.1 

At  the  time  of  placing  the  soils  in  the  lysimeters,  the  upland 
soil  contained  51.6  per  cent,  and  the  lowland  4.6  per  cent  of 
water.  The  .agricultural  analysis  is  reported  in  terras  of  dry 
soil,  the  mechanical  as  air  dry  soil,  and  the  aspartic  and  bio- 
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chemical  on  the  soil  as  placed  in  the  containers.  The  humus 
determinations  were  made  accordini*  to  the  methods  of  the 
Official  Agricultural  Chemists,  Bulletin  107. 

PLAX    OF    EXPERI.MENTS. 

The  lysimeters  were  con^'tructed  of  galvanized  iron,  j)ainted 
inside  with  asphalt  paint.  Each  lysimeter  was  two  f(*et  in 
height  and  eight  inches  in  diameter.  The  bottom  was  perfo 
rated  with  small  openings,  and  led  into  a  funnel  which  was 
soldered,  to  the  bottom.  The  ring  of  the  funnel  formed  a  sup- 
jK)rt  on  which  the  vessel  rt^ted.  The  lK)ttom  was  covered  wnth 
c^)arse  sacking,  on  the  top  of  which  three  inches  of  washed  black 
lava  sand  were  placed.  In  the  ujdand  series,  twenty-five  pounds 
of  soil  w^ere  sufficient  to  fill  each  Ivsi meter  to  w^ithin  three 
inches  of  the  top ;  the  lowland  soils,  Ix^ing  of  a  higher  specific 
gravity,  weighed  forty  j)ounds  to  each  container.  Distilled 
w^ater  was  used  for  draining  purjK)S(*3,  an  irrigation  l)eing  per- 
formed at  two  weeks'  intervals.  A  definite  amount  of  water 
was  used  each  time,  the  leachings  being  received  in  Winchester 
bottles  and  measured.  These  were  analyzed  for  nitric,  nitrous, 
and  amnumia  nitrogen,  total  mineral  matter,  lime,  potash,  and 
phosphoric  acid,  the  total  amount  of  each  l)eing  recorded  for 
each  leaching. 

SERIES    A.— UPLAND    SOIL. 

The  two  series  ccmsisted  of  twentv-four  Ivsimeters.   twelve 

ft  I 

being  given  to  the  u])land,  and  twelve  to  the  lowland  soil.  The 
twenty-five  jHumds  of  the  upland  soil  as  placed  in  the  lysimeter 
measured  1)55  cubic  inches.  From  this  it  follows  that  an  acre- 
foot  of  such  a  soil  w^ould  weigh  1,970,000,  or  in  round  nundx^rs 
2,000,000  pounds.  On  this  basis  the  lysimeters  were  treated 
as  follows: 

1 — Nothing. 

2 — Air  slaked  lime. 

3 — Calcium  carbonate. 

4 — (^alcium  sulphate. 

5 — Ammonium  sulphate. 

0 — Ammonium  sulphate  and  slaked  lime. 
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7 — Ammoniuiu  sulphate  and  calcium  carbonate. 

8 — Ammonium  sulphate  and  calcium  sulj)hate. 

9 — Complete  fertilizer. 
10 — C^omplete  fertilizer  and  slaked,  lime. 
11 — Complete  fertilizer  and  calcium  carbonate. 
12 — Comj)lete  fertilizer  and  calcium  sulphate. 

The  lime  saltvS  were  proportioned  so  as  to  supply  calcium 
oxide  at  the  rate  of  a  ton  to  the  acre-foot.  Thev  were  thor- 
oughly  mixt^l  with  each  lot  l)efore  being  placed  in  the  cylin- 
ders. The  complete  fertilizer  was  compounded  so  as  to  add 
nitrogen  fnmi  ammonium  sulphate,  ])otash  from  the  sulphate, 
and  water-soluble  phosphoric  acid  from  double  superphosphate, 
at  the  rati*  of  100  }K>unds  of  each  to  the  acre-foot.  The  am- 
UKmium  sulphate  alone,  in  the  same  amount,  and  the  complete 
fertilizer  were  stirred  in  the  surface  three  inches  of  the  re- 
sjHH3tive  soils  after  they  were  in  the  cylinders.  It  will  be 
noticed  that  this  series  consists  of  three  lots  each  of  which 
was  identical  in  all  respects  with  the  exce|)tion  of  the  lime 
addition.  The  results  were  exj)ected  to  show  the  eifects  of 
these  materials  on  the  nitrification  of  the  natural  or  humus 
nitrogen  of  the  soil,  and  on  that  of  ammonium  sulphate  with 
and  \\4thout  the  addition  of  potassium  and  phosphorus  salts. 

In  neither  this  series  nor  the  s(^cond  were  there  determinable 
amounts  of  phosphoric  acid  present  in  the  drainage  waters, 
even  when  applied  as  su|3erphospliate.  This  is  doubtless  due 
to  the  well  known  fixing  power  Avhich  the  Island  soils  have. on 
this  substance,  and  the  long  colunm  of  soil  through  which  the 
water  percolated.  The  nitrous  nitrogen  was  also  present  in 
very  minute  quantities,  and  in  the  figures  which  follow  will  be 
reported  along  with  the  nitric  nitrogen. 

On  the  first  two  irrigations,  three  liters  of  water  were  used, 
which  amount  was  then  reduced  to  two  and  a  half  liters,  this 
giving  a  convenient  quantity  of  leachings  for  analysis.  The 
amounts  of  the  various  material  removed  at  each  irrigation 
will  be  seen  from  the  following  tables : 
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TABLE    L 
Nitrk   Nitrogen   in  Drainage. 

GRAMS. 


Irrig-a- 
tion  No. 

1. 

2. 

3. 

;  4. 

5. 

6. 

7. 

1 

J 

8. 

1  9. 

j 

10. 

11. 

12. 

1 

.0184 

.0280 

.0252 

.0310 

.0366 

.0416 

.0273 

.0366 

1 

.0298 

.0315 

.0367 

.0418 

2 

.0397 

.0446  1 

.0403 

.0495 

.0374 

.0451 

.0635 

.0747 

.0426 

.0691 

.0671 

.0811 

3 

.0275 

.0320 

.0309 

.0355 

.0320 

.0573 

.0486 

.0630 

.0430 

.0412 

.0616 

.0802 

4 

.0384 

.0275 

.0397 

.0359 

.0440 

.0636 

.0604 

.0695 

.0543 

.0646 

.0703 

.0749 

5 

.0211 

.0253 

.0227 

.0230 

.0400 

.0454 

.0519 

.0598 

.0471 

.0610 

.0549 

.0705 

6 

.0152 

.0294  ' 

.0267 

.0343 

.0527 

.0614 

.0552 

.0870 

.0592 

i  .0501 

.0604 

.0741 

7 

.0234 

.0255 

.0312 

.0340 

.0630 

.0752 

.0537 

.0528 

.0662 

.0386 

.0532 

.0729 

8 

.0234 

.0318 

.0325 

.0306 

.0690 

.0646 

.0525 

.0572 

.0583 

.0481 

.0592 

.0647 

9 

.0183 

.0277  , 

.0307 

.0273 

.0471 

.0549 

.0500 

.0536 

.0400 

.0403 

.0417 

.0437 

10 

.0178 

.0283  ' 

.0252 

.0315 

.0539 

.0493 

.0443 

.0505 

.0516 

'  .0534 

.0529 

.0447 

Total... 

.2432 

.3001  1 

r 

.3051 

.3326 

.4657 

.5584 

.5074 

.6047 

.4921 

.4979 

' 1 

.5580 

.6486 

TABLE  IL 
Total  Minerals  in  Drainage. 

GRAMS. 


Irrig-a- 
tion 
No.   1. 


1.. 
2.. 
3.. 
4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 


.3374 

.6895 

.7722 

.6045 

.5089 

.5135 

.4905 

.3710 

.3296 
.3287 


2. 


T'l.. 4.9458 


.4741 

.8856 

.9452 

.7318 

.6383 

.6422 

.6623 

.4624 

.4320 
.3938 

6.2677 


.4450 

.8619 

.8825 

.7138 

.6518 

.6003 

.6078 

.4553 

.4275 
.3969 

^.0428 


4. 


.8003 
1.3529 
1.4732 
1.2760 

.9760 
1.0446 
1.1623 

.8144 

.7823 

.8317 

10.5137 


5. 

6. 

.3760 

.4590 

.7088 

.7752 

.9608 

1.1346 

.9063 

1.0864 

.8401 

1.0168 

.9495 

1.2018 

1.0468 

1.1930 

.7146 

.8094 

.6720 

.6870 

.6921 

.6019 

7.8670 

8.9651 

7. 


8. 


.3806 
1.0200 
.9746 
.8450 
.7250 
.7878 
.8208 
.6800 

.6422 
.6336 

7.5096 


.6700 

1.8320 

1.6554 

1.6301 

1.6236 

1.6269 

1.3059 

1.2043 

1.1520 
1.1902 

13.8904 


9. 


.4151 

.8980 

1.0005 

.8436 

.8976 

.9391 

.8047 

.7410 

.6194 
.6922 

7.8512 


10. 


.4153 
1.1120 
1.0714 
1.0591 
1.0294 
1.1095 
.7771 
.5762 

.5457 

.6843 

8.3800 


11. 


.4244 
1.1360 
1.1096 
1.1357 
1.0224 
1.1003 
.8466 
.6161 

.5445 

.5865 

8.5221 


12. 


.6021 
1.5680 
1.5352 
1.6617 
1.4501 
1.3381 
1.1576 

.9676 

.8382 
.8685 

11.9871 
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TABLE    in. 

CaleiDm  Oxide   in  Drainage. 

GRAMS. 


Irrig^a- 
tion  No. 

1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 

.0382 

.0708 

.0600 

.1518 

.0432  .0575 

.0564 

.1324 

.0493 

.0574 

.0686 

.1321 

M  •  •  «•   •   •   ■ 

.0453 

.1019 

.0935 

.1807 

.0650  .0715 

.1000 

.3084 

.0804 

.1188 

.1132 

.1988 

3 

.0504 

.0890 

.0847 

.1965 

.0816  .1047 

.0900 

.2935 

.0830 

.1094 

.0904 

.1649 

4 

.0394 

.0745 

.0733 

.1798 

.0739  .0994 

.0830 

.2825 

.0657 

.1034 

.1075  : 

.1942 

5 

.0302 

.0638 

.0353 

.1480 

.0601  ;  .0902 

.0818 

.2855 

.0726 

.1059 

.1156 

.1941 

6 

.0285 

.0561 

.0487 

.1542 

.0654  .0989 

.0853 

.3007 

.0763 

.1022 

.1170 

.1935 

7 

.0286 

.0512 

.0460 

.1776 

.0714  .1027 

.0874 

.2471 

.0702 

.0797 

.1000 

.1848 

8 

.0201 

.0411 

.0366 

.1323 

.0539  1  .0758 

.0698 

.2340 

.0571 

.0565 

.0681  ; 

.1476 

9 

.0160 

.0365 

.0327 

.1332 

.0521  '  .0642 

.0649 

.2419 

.0550 

.0581 

.0618 

.1350 

10 

.0169 

.0355 

.0312 

.1540 

.0545  i  .0610 

1 

.0605 

.2453 

.0591 

.0673 

.0575 

.1363 

Total. . . 

.3136 

.6204 

.5420 

1.6081 

.6211 

.8259 

.7791 

2.5713 

.6687 

.8587 

.8997 

1.6813 

TABLE    lY. 

Potash  in   Drainage. 

GRAMS. 


Irrigtir 
tion  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total.. . 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


.0095 
.0162 
.0155 
.0170 
.0109 
.0124 
.0109 
.0081 
.0076 
.0079 
.1160 


.0158 
.0204 
.0213 
.0175 
.0160 
.0156 
.0159 
.0119 
.0106 
.0115 
.1565 


.0103 
.0198 
.0196 
.0186 
.0153 
.0152 
.0167 
.0112 
.0117 
.0135 
.1519 


.0198 
.0271 
.0274 
.0293 
.0194 
.0222 
.0237 
.0192 
.0165 
.0225 
.2271 


.0045 
.0175 
.0204 
.0177 
.0153 
.0190 
.0213 
.0148 
.0144 
.0148 
.1597 


.0156 
.0155 
.0208 
.0208 
.0171 
.0222 
.0208 
.0162 
.0125 
.0123 
.1738 


.0100 
.0208 
.0201 
.0162 
.0157 
.0196 
.0197 
.0124 
.0135 
t  .0124 
:  .1604 


.0161 

.0396 

.0305 

.0298 

.0262 

.0320 

.0268 

.0258 

.0253 

.0258  : 

.2779 


.0112 
.0206 
.0197 
.0171 
.0173 
.0179 
.0198 
.0138 
.0145 
.0138 
.1657 


.0131 
.0225 
.0234 
.0195 
.0193 
.0213 
.0200 
.0124 
.0139 
.0146 
.1800 


.0132 
.0235 
.0229 
.0211 
.0198 
.0272 
.0206 
.0128 
.0130 
.0126 
.1867 


.0203 
.0284 
.0287 
.0264 
.0259 
.0273 
.0311 
.0206 
.0215 
.0244 
.2546 


12 

As  already  stated,  the  phosphoric  acid  in  the  drainage  was 
present  as  mere  traces  or  at  times  entirely  absent,  due  to  the 
fixation  of  this  element  by  the  soil.  The  ammonia  nitrogen 
was  likewise  present  in  the  drainage  in  very  small  amounts, 
owing  to  the  al>sorptive  action  of  the  soil  on  this  form  of  nitro- 
gen. For  this  reason  no  tabulation  has  been  made  of  the 
amounts  removed.  In  the  following  tables  the  (juantities  of 
elements  removed  have  been  calculated  to  |x>unds  per  acre- 
foot  of  soil,  an  acre-f(K>t  being  taken  as  •2,000,000  pounds. 
Stated  in  this  manner  it  is  l>elieve<l  that  a  readier  comprehen- 
sion can  l>e  obtained  of  the  relative  actions  of  the  several  addi- 
tions. Since  the  final  fimires  are  affected  cmlv  in  the  s(H*ond 
dcH'imal  ])lace,  and  to  facilitate  calculations,  the  anunonia  and 
nitrous  nitrogen  are  included  with  the  nitric  nitrogen. 
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TABLE    V. 

Kitric   Nitrogen   lu   Drainage. 

Pounds  per  Acre-Foot  of  2,000,000  Pounds. 


Irriga- 
tion 
Number. 

1 

2 

3 

4 

o 

6 

7 

8 

9 

10 

Total. . . 


1. 


3.3 
7.0 
4.9 
6.8 
3.8 
2.7 
4.1 
4.1 
3.2 
3.1 

43.0 


4- 


2. 


4.9 
7.9 
5.7 
4.9 
4.5 
5.2 
4.5 
5.7 
4.9 
5.0 

53.2 


3. 


4.5 
7.1 
5.5 
7.0 
4.0 
4.7 
5.5 
5.8 
5.5 
4.4 

54.0 


4. 


5.5 
8.8 
6.3 
6.4 
4.1 
6.1 
6.0 
5.4 
4.9 
5.6 

59.1 


5. 


6.5 
6.6 
5.8 
7.8 
7.1 
9.3 
11.3 
10.4 
8.3 
9.5 

82.6 


6. 


7.4 

8.0 

10.1 

11.3 

8.0 

10.9 

13.3 

11.5 

9.7 

8.7 

98.9 


7. 


4.8 
11.2 
8.6 
10.7 
9.2 
9.8 
9.5 
9.3 
8.9 
7.8 

89.8 


8. 


6.5 
13.2 
11.1 
12.3 
10.6 
15.4 

9.3 
10.1 

9.5 

8.9 

106.9 


9. 


5.4 

7.5 

7.7 

9.6 

8.4 

10.5 

11.7 

10.3 

7.1 

9.1 

87.3 


10. 


5.6 

12.2 

7.3 

11.4 

11.1 

8.9 

6.8 

8.5 

7.1 

9.4 

88.3 


11. 


6.5 
11.9 
10.8 
12.4 

9.7 
10.7 

9.5 
10.5 

7.4 

9.3 

98.7 


12. 


7.4 
14.3 
14.2 
13.3 
12.4 
13.1 
12.9 
11.4 
7.7 
7.9 

114.6 


TABLE    VL 

Total  Minerals   in   Drainage. 

Pounds  per  Acre-Foot  of  2,000,000  Pounds. 


Irriga- 
tion No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 

59.5 

83.6 

78.5 

141.1 

66.3 

81.0 

67.1 

118.2 

73.2 

73.2 

74.9 

106.2 

2 

121.6 

156.2 

152.0 

238.6 

125.0 

136.7 

179.8 

323.1 

158.4 

196.1 

200.4 

276.5 

3 

136.2 

166.7 

155.7 

259.8 

169.5 

200.1 

171.9 

292.0 

176.5 

189.0 

195.7 

270.8 

4 

106.6 

129.1 

125.9 

225.1 

159.8 

191.6 

149.0 

287.5 

148.8 

186.8 

200.3 

293.1 

5 

89.8 

112.4 

115.0 

172.1 

148.2 

179.3 

127.9 

286.4 

158.3 

181.6 

180.3 

255.8 

6 

90.6 

113.3 

105.9 

184.2 

167.5 

212.0 

138.9 

286.9 

165.6 

195.7 

194.1 

236.0 

7 

86.5 

116.8 

107.2 

205.0 

184.6 

210.4 

144.8 

230.3 

141.9 

137.1 

149.3 

204.2 

8 

65.4 

81.6 

80.3 

143.6 

126.0 

142.8 

119.9 

212.4 

130.7 

101.6 

108.7 

170.6 

9 

58.  li 

76.2 

75.4 

140.0 

118.5 

121.2 

113.3 

203.2 

109.2 

96.2 

96.0 

147.8 

10 

58.0 

69.5 

69.0 

146.7 

122.1 

106.2 

111.8 

209.9 

122.1 

120.7 

103.4 

153.2 

Total... 

872.3 

1105.4 

1064.9 

1856.2 

1387.5 

1581.3 

1324.4 

2449.9 

1384.7 

1478.0 

1503.1 

2114.2 
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TABLE   yn. 

CaleiDm   Oxide  in  Drainage. 

Pounds  per  Acre-Foot  of  2,000,000  Pounds. 


Irrig^a- 
tion  No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 

6.7 

12.5 

10.6 

26.8 

7.6 

10.1 

10.0 

23.3 

8.7 

10.1 

12.1 

23.3 

2 

8.0 

18.0 

16.5 

31.9 

11.5 

12.6 

17.6 

54.4 

14.2 

20.9 

20.0 

35.1 

3 

8.9 

15.7 

14.9 

34.7 

14.4 

18.5 

15.9 

51.9 

14.6 

19.3 

15.9 

29.1 

4 

7.0 

13.2 

12.9 

31.7 

13.0 

17.5 

14.6 

49.8 

11.6 

18.2 

19.0 

34.2 

5 

5.3 

11.3 

6.2 

26.1 

10.6 

15.9 

14.4 

50.3 

12.8 

18.7 

20.4 

34.2 

6 

5.0 

9.9 

8.6 

27.2 

11.5 

17.4 

15.1 

53.0 

13.4 

18.0 

20.6 

34.1 

/ 

5.0 

9.0 

8.1 

31.3 

12.6 

18.1 

15.4 

43.6 

12.4 

14.1 

17.6 

32.6 

8 

3.5 

7.2 

6.5 

23.3 

9.5 

13.4 

12.3 

41.3 

10.1 

10.0 

12.0 

26.0 

9 

2.8 

6.4 

5.8 

23.5 

9.2 

11.3 

11.4 

42.7 

9.7 

10.3 

10.9 

23.8 

10 

3.0 

6.3 

5.5 

27.1 

9.6 

10.8 

10.7 

43.2 

10.4 

11.9 

10.1 

24.0 

Total... 

55.2 

109.5 

95.6 

283.6 

109.5 

145.6 

137.4 

453.5 

117.9 

151.5 

158.6 

296.4 

TABLE    TIIL 
Potash   in   Drainage* 

Pounds  per  Acre-Foot  of  2,000.000  Pounds. 


Irrig-a- 
tion  No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 

1.7 

2.8 

1.8 

3.5 

0.8 

2.7 

1.8 

2.8 

2.0 

2.3 

2.3 

3.6 

2 

2.9 

3.6 

3.5 

4.8 

3.1 

2.7 

3.7 

7.0 

3.6 

4.0 

4.1 

5.0 

3 

2.8 

3.7 

3.5 

4.8 

3.6 

3.7 

3.5 

5.4 

3.5 

4.1 

4.0 

5.1 

4 

3.0 

3.1 

3.3 

5.2 

3.1 

3.7 

2.9 

5.3 

3.0 

3.4 

3.7 

4.7 

5 

1.9 

2.8 

2.7 

3.4 

2.7 

3.0 

2.8 

4.6 

3.1 

3.4 

3.5 

4.5 

6 

2.2 

2.8 

2.7 

3.9 

3.3 

3.9 

3.4 

5,6 

3.1 

3.7 

4.8 

4.8 

7 

1.9 

2.8 

2.9 

4.2 

3.8 

3.6 

3.5 

4.7 

3.5 

3.5 

3.6 

5.5 

8 

1.4 

2.1 

1.9 

3.4 

2.6 

2.9 

2.2 

4.6 

2.4 

2.2 

2.3 

3.6 

9 

1.4 

1.9 

2.1 

2.9 

2.6 

2.2 

2.4 

4.5 

2.6 

2.5 

2.3 

3.8 

10 

1.4 

2.0 

2.4 

4.0 

2.6 

2.2 

2.2 

4.5 

2.4 

2.6 

2.2 

4.3 

Total.. . 

20.6 

27.6 

26.8 

40.1 

28.2 

30.6 

28.4 

49.0 

29.2 

31.7 

32.8 

44.9 
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The  addition  of  calcium  in  all  forms  made  for  an  increase 
in  nitric  nitrogen,  both  from  the  organic  nitrogen  of  the  soil 
and  from  nitrogen  added  as  sulphate  of  ammonia.  There  was 
no  decided  difference  hetween  the  effect  of  caustic  lime  and 
carbonate  of  calcium,  while  the  sulphate  produced  a  greater 
amount  of  nitric  nitrogen  than  the  other  lime  treatments.  This 
result  is  quite  at  variance  with  those  reported  in  a  previous 
series  of  lysiraeter  experiments,^  where  the  effect  of  the  sul- 
phate of  calcium  was  to  depress  nitrification.  The  difference 
in  results  is  to  be  attributed  entirely  to  the  difference  in  the 
tyi)e  of  soils  treated.  As  will  be  seen  in  the  second  series  of 
experiments,  a  soil  already  alkaline  to  litmus  and  to  which 
caustic  lime  was  added,  produced  less  nitric  nitrogen  from  am- 
monium sulphate  than  where  no  addition  of  lime  was  made. 
The  j)ossible  solution  of  this  condition  is  given  in  cimnection 
with  this  second  series.  The  soil  in  series  A  is  an  acid  soil, 
rich  in  organic  matter,  and  the  effect  not  only  of  the  alkaline 
lime  compounds,  but  also  of  the  sulphate  of  calcium,  could 
l>e  expected  to  give  results  not  corresponding  with  those  from 
a  soil  poorer  in  organic  matter  and  basic  or  even  neutral  to 
litmus.  The  action  of  gypsum  on  soils  has  been  found  to  be, 
as  Storer  expresses  it,^  very  capricious.  As  regards  its  effect 
on  nitrification,  Wolff,  Fittbogen  and  Deherain  obtained  nega- 
tive results,  while  Warrington  and.  Pichard  found  that  nitri- 
fication was  promoted.  It  is  most  probable  that  the  sole  cause 
of  such  greatly  divergent  conclusions  rests  with  the  difference 
in  the  types  of  soils  forming  the  bases  of  the  experiments,  just 
as  at  this  station,  working  with  two  distinct  types  of  soils, 
diametrically  opposite  results  were  obtained. 

The  general  effect  of  the  calcium  additions  were  the  same, 
whether  the  lime  compoxmds  were  added  to  the  soil  alone,  or 
to  the  soil  where  ammonium  sxilphate,  or  a  complete  fertilizer 
was  added.  Where  no  mamirial  substance  was  added,  the  cal- 
cium oxide  and  carbonate  increased  the  nitric  nitrogen  pro- 
duced an  average  of  24  per  cent  over  the  untreated  test,  while 
the  increase  due  to  g;>'p8um  amounted  to  37  per  cent.  When 
100  pounds  of  nitrogen  as  ammonium  sulphate  w^ere  added, 
it  becomes  a  matter  of  difficultv  to  state  how  much  of  the 
nitric  nitrogen  in  the  drainage  originated  with  the  ammoniiun 
salt  and  how  much  from  the  organic  nitrogen  of  the  soil.  That 
in  the  duration  of  the  experiment  ammonification  and  subse- 
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quont  nitrification  of  this  original  soil  nitrogen  did  occur  is 
evidenced  by  the  anionnts  of  nitrogen  as  nitrate  found  in  t(»sts 
8  and  12,  which  cxcchmUmI  by  (J. 9  and  14.(5  pounds,  respe(»tively, 
the  quantity  added  as  anniioniuni  sulphate.  The  general  results 
can  therefore  j)erhaps  Ik*  U^st  c<nn})ared  from  the  total  and 
average  figures  of  the  several  methods  of  calcium  treatments. 
Th(*se  figures  will  l)e  found  in  Table  IX  and  graphically  illus- 
trate<l  on  (^hart  1. 

TABLE     IX. 

Pounds  removed  per  arre-foot  of  2,000,000  pounds. 


Nothinjf 

Calcium  Oxide 

Calcium  Carbonate 
Calcium  Sulphate... 


Nitric 

NlTRO(»EN 


Total 

212.9 
240.4 
242.5 
280.6 


Aver- 
age 

71.0 
80.1 
80.8 
93.5 


Total 
Minerals 


Total 


3644.5 
4164.7 
3892.4 
6420. 3 


Aver- 
age 


Lime 


1214.8 


Total 


282.6 


1388.2:  406.6 
1297.  .5  391.6 
2140. 1 1 1033  5 


Aver- 
age 


94.2 
135.5 
130.5 
344.5 


Potash 


Total 


78.0 

89.9 

88.0 

134.0 


Aver- 
age 

26.0 
30.0 
29.3 
44.7 


The  increase  in  nitric  nitrogen  due  to  the  lime  treatments 
amounted  to  12.8,  14.1  and  81.7  per  cent,  respectively,  the  sul- 
j>hate  of  calcium  thus  producing  over  twnce  as  much  increase  as 
did  the  other  lime  salts.  Previous  to  the  treatments,  the  soil  was 
acid  to  litmus.  At  the  expiration  of  the  experiments  those  pots 
treated  with  caustic  and  carlxmate  of  lime  were  neutral,  while 
the  check  and  gyj)sum  tests  were  decidedly  acid.  We  have  here 
the  phenomenon  of  a  treatment  which  cx^rrects  acidity  produc- 
ing a  less  increase  in  nitrification  than  one  which  has  no  cor- 
rectiv^e  action.  The  question  arises,  does  the  addition  of  the 
limo  compounds  act  as  an  Impetus  to  nitrification  by  correcting 
the  soil  acidity,  by  adding  soluble  calcium  salts  to  the  soil  water, 
or  by  releasing  potash  salts  from  their  insoluble  condition? 
This  question  will  be  more  fully  discussed  after  considering 
the  effect  of  these  additions  on  the  amounts  of  lime  and  potash 
made  soluble  and  found  in  the  drainage  waters. 


L 


18 

CALCIUM    IN   DRAINAGE. 

Test  1,  with  nothing  added,  gave  55.2  pounds  per  acre  of 
calcium  oxide  in  the  drainage.  When  100  pounds  of  nitrogen 
as  ammonium  sulphate  was  added,  along  with  an  increase  of 
39.6  pounds  of  nitric  nitrogen,  there  was  a  gain  of  54.3  ponjids 
of  calcium  oxide  in  the  drainage.  This  increase  may  have 
been  due  to  a  substituticm  bv  the  ammonia  of  calcium  in  the 
soil,  the  formation  of  soluble  calcium  sulphate,  and  its  recovery 
in  the  teachings.  Or  the  increased  nitric  oxide  formed  during 
nitrification  combining  with  the  lime  in  the  soil,  raised  the 
soluble  amount ;  or  again  it  may  be  the  combined  effect  of  both 
reactions.  Where  lime  was  added,  the  increase  in  nitric  nitro- 
gen was  accompanieil  by  a  corresponding  increase  in  lime 
leached  out;  the  soluble  sulphate  gives  the  most,  followed  in 
order  of  their  solubilities  by  tlie  oxide  and  carl)onate.  These 
results  almost  warrant  the  conclusion  that  the  amount  of  nitri- 
fication is  controlled  by  the  amount  of  calcium  salts  found  in 
solution  in  the  soil  water.  Attention  must  be  called  to  the  large 
amount  of  lime  in  test  8,  greatly  exceeding  that  in  test  12.  This 
irregularity  cannot  be  explaincnl ;  it  is  accompanied  by  a  similar 
irregularity  in  the  total  mineral  and  potash  contents. 

POTASSIUM    IN    DRAINAGE. 

*\J1  the  calcic  comjK)unds  manifest  a  solvent  action  on  the 
j)otassium  of  the  soil,  the  sulphate  exerting  the  greatest  effect. 
This  brings  us  to  the  consideration  of  the  cause*  of  increased 
crop  returns  following  a  gypsum  fertilization,  since  such  a 
beneficial  action  is  ascribed  generally  to  the  fact  that  the  cal- 
cium ill  this  form  replaces  potassium  in  its  insoluble  combina- 
tions in  the  soil,  making  the  latter  available  to  the  crop.  Ilall^ 
mentions  that  in  exjK'riments  with  hops,  onlv  such  soils  as  re- 
spcmded  to  a  potash  treatment  responded  to  a  gypsum  applica- 
tion. Boussingault  concluded  from  field  tests  that  it  was  to 
the  lime  itself  that  the  l>eneficial  action  was  due,  but  Storer 
asks,  '*Why  is  g;\'|)sum  a  Ix^tter  fertilizer  than  lime  itself,  and 
why  does  it  do  good  s<»rvice  in  soils  already  well  supplied  with 
lime?"  As  may  be  seen  from  Table  IX  and  Chart  1,  increase 
in  lime  in  drainage  waters  was  accompanied  by  increase  in 
potash.  Comparing  the  nitrogen  figures  on  Table  V  with  the 
potash  figures  of  Table  VIII,  it  will  be  seen  that  the  nitric 
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nitrogen  and  soluble  potash  generally  increased  together*  More 
nitric  nitrogen  meant  more  soluble  calcium,  and  it  may  be  due 
to  this  reaction  that  more  soluble  potassium  resulted.  It  fol- 
lows that  the  presence  of  soluble  potassium  was  due  to  the  de- 
gree or  extent  of  nitrification,  influenced  by  the  amoimt  of 
soluble  calcium,  and  not  that  nitrification  was  dependent  on 
the  quantity  of  soluble  potash.  Reasoning  from  this,  we  must 
conclude  that  the  effect  of  calcium  sulphate  in  increasing  nitri- 
fication is  not  caused  by  the  potassium  liberated  by  the  calcium 
sulphate,  but  rather  from  the  soluble  calcium  itself.  In  this 
connection  it  is  interesting  to  refer  to  the  results  obtained  in 
1906.^  The  soil  treated  in  this  case  was  one  of  good  lime  con- 
tent, the  aspartic  acid  method  giving  a  percentage  of  0.327. 
The  effect  of  ground  coral  was  to  increase  nitrification  slight- 
ly, but  both  burned  lime  and  g^^psum  depressed  it,  the  latter 
to  a  considerable  extent  At  the  same  time  the  potash  made 
soluble  by  the  gj'psum  was  increased  over  two-fold.  The  author, 
in  summing  up  the  results,  showed  the  close  relationship  exist- 
ing between  this  result  and  the  depressive  effect  of  potash  fer- 
tilization on  cane  crops.  The  soil  in  the  experiments  here  re- 
ported showed  only  0.035  per  cent  of  lime  soluble  in  a  one  per 
cent  aspartic  acid  solution,  and  responded  as  regards  nitrifi- 
cation very  plainly  and  promptly  to  liming,  especially  with 
gypsum. 

The  results  as  regards  the  higher  solubility  of  the  potassium 
in  soils  treated  with  calcium  compounds  are  not  characteristic 
of  all  s^)ils.  Morse  and.  Curry, ^  working  v/ith  soils  in  New 
Hampshire,  found  that  but  little  solvent  action  was  manifest 
cm  the  potash  in  the  soils  by  either  lime  or  g^^psum.  Bradley^ 
found  that  with  soils  in  Western  Oregon,  gypsum  liberated 
potash,  but  lime  did  not.  In  the  soil  of  our  experiments 
all  three  forms  showed  their  effects  in  increased  amounts  of 
j)otash  in  the  drainage  waters,  the  gypsum  to  the  greatest  de- 
gree, and  the  caustic  and  carbonate  forms  to  about  the  same 
extent. 

EFFECT  OF  POTASH  AND  PHOSPnORIC  ACID  IN 
ADDITION  TO  THE  SULPHATE  OF  AMMONIA. 

To  the  last  four  tests,  in  addition  t^  the  sulphate  of  ammo- 
nia, potash  and  phosphoric  acid,  at  the  rate  of  100  pounds  per 
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acre-foot,  were  added,  as  sulphate  and  double  superphosphate, 
res[>ectively.  In  the  unlimed  and  gypsum  tests  a  small  gain 
was  eff(*ettHl  in  the  nitric  nitrogen;  in  the  caustic  lime  and  car- 
bonate of  calcium  tests  an  irregularity  arose  which  we  cannot 
explain.  In  the  first  there  was  a  loss  of  11.0  jK)unds;  in  the 
second  a  gain  of  8.9  pounds.  There  was  a  small  increase  in 
lime  excepting  Ix^tween  8  and  12,  the  gypsum  tests,  where  an 
extraordinary  drop  occurred,  which  cannot  be  explained  by 
the  presence  of  the  addcnl  potash  and  [)hosphoric  acid  fertil- 
izers, and  must  be  attributed  to  sonu^  irregularity  in  the  man- 
ner in  which  the  soil  was  packed  in  one  of  the  lysimeters,  and 
a  consequent  difference  in  the  manner  of  percolation  of  the 
water.  Between  the  two  sets  but  little  difference  between  the 
potash  contents  of  the  drainage  is  evident.  Since  this  material 
was  added  to  the  last  four  at  the  rate  of  100  nounds  to  the  acre- 
foot,  the  strong  fixation  power  of  onr  soils  on  this  element  is 
again  displayed. 

GENERAL    OBSERVATIONS. 

As  mentioned  at  the  beginning  of  the  bulletin,  the  results  as 
regards  nitrate  nitrogen  ])r(Hluced  do  not  entirely  give  an  indi- 
caticm  of  what  the  crop  yields  will  ho.  Therefore  a  few  remarks 
on  the  general  behavior  of  th(»  different  lime  salts  as  observed 
by  investigators  in  other  stations  may  be  of  interest. 

The  practice  of  liming  soils  is  (me  that  extends  to  very  an- 
cient times;  the  reasons  for  the  succ<*ss  attending  the  practice, 
however,  have  not  yet  be^m  positively  established.  Working 
on  different  soils,  with  various  crops,  and  under  diverse  cli- 
matic conditions,  investigators  do  not  concur  in  their  conclu- 
sions as  to  any  si)ecific  action  of  lime  on  soils.  The  various 
actions  of  lime  mav  be  briefiv  summarized  as  follows: 

1.  Plant  Food.  Lime  is  as  essential  a  food  for  plant  growth 
as  nitrogen,  j>h()sphorus,  or  potassium.  It  is  present,  however, 
in  enormous  quantities  on  the  surface  of  the  earth,  and  usually 
in  sufticient  amounts  for  j)]ant  nutrition  in  all  soils.  It  has 
not  Ix^en  the  custom  to  conclude  that  in  adding  lime  in  any  of 
its  forms  to  a  soil  that  the  object  is  to  su{)ply  lime  to  the  crop, 
but  rather  the  obtaining  of  one  of  its  indirect  effects. 

2.  Chemical.     Lime  has  the  power  of  replacing  other  min- 
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erals  in  their  original  combinations,  changing  them  from  in- 
sohible  and  unavailable  to  soluble  and  available  forms.  This 
is  particularly  true  of  the  mineral  potassium,  which  exists 
largely  in  soils  in  the  form  of  an  insoluble  silicate  in  conjunc- 
tion with  aluminum.  The  calcium  in  the  lime  takes  the  place 
of  the  potassium,  which  becomes  available  as  plant  food. 

3.  Physical.  Lime  possesses  the  somewhat  paradoxical  prop- 
erty of  making  heavy,  clayey  soils  friable  and  pervious  to  water^ 
and  of  making  light,  sandy  soils  closi^r  and  more  retentive  of 
moisture. 

4.  Biological.  Most  beneficial  soil  organisms  functionate 
l>etter  in  slightly  alkaline  than  in  acid  me<lia.  Liming  the 
soil  with  quicklime,  slaked  lime  or  carbonate  of  lime  neutralizes 
any  acidity  existing  in  the  soil  and  produces  the  more  favorable 
alkaline  reaction.  Many  plants  themselves  grow  poorly  or  not 
at  all  in  acid  soils;  whilst  others,  far  fewer  in  number,  seem 
indifferent  in  this  resi>ect. 

Sources  of  Lime.  T^me  is  uschI  agriculturally  chiefly  as 
calcium  oxide  (quicklime,  hydratod  lime),  calcium  carbonate 
(shell,  marl,  coral),  and  calcium  sulphate  (gypsum  or  land- 
jdaster).  In  addition  it  is  found  in  combination  with  phos- 
phorus in  bone,  rock-phosphate,  slag-meal,  etc.,  but  these  com- 
binations are  to  be  regarded  only  as  suppliers  of  phosphoric 
acid,  the  addition  of  lime  at  the  same  time  being  merely  inci- 
dental. 

The  use  of  lime  in  the  United  States  is  receiving  the  atten- 
tion of  many  of  the  experiment  stations  on  the  mainland.  ^lany 
positive  results  have  been  obtaine<l  in  field  tests,  showing  that 
beneficial  results  obtained  on  corn,  wheat,  clover,  etc.  There 
have  also  been  cases  where  no  benefit  was  derived  and  the  at- 
tention of  farmers  has  lK»en  called  to  the  fact  that  too  much 
lime  is  sometimes  as  bad  as  too  little. 

In  liming  a  soil,  the  planter  must  not  forget  that  he  is  sup- 
plying or  adding  to  the  land  but  little  plant  food.  Rather, 
by  unlocking  the  insoluble  forms  of  the  more  valuable  minerals, 
potassium  and  phosphorus,  which  are  taken  uj)  by  the  crops  or 
removed  in  the  drainage  waters,  and  by  decomposing  the  nitro- 
genous matter  or  attacking  the  soil  humus,  he  is  obtaining  pres- 
ent crop  increase  at  the  expense  of  later  crops.      Lime  must 
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always  be  r(^arded  as  an  indirect  fertilizer,  or  a  stimulant, 
and  conjointly  wdtli  its  use  must  go  tliat  of  suitable  fertilizer 
mixtures,  in  order  to  maintain  a  more  permanent  fertility  of 
the  soil. 

The  eifect  of  the  lime  addition  varies  so  greatly  in  diifer- 
ent  localities  that  the  exj)erienee  on  one  type  of  soil  may  Ik» 
entirely  contradicted  by  that  in  another.  Thus,  the  eff(H?t  of 
lime  as  quick  or  slaked  lime  has  i)rodueed  better  results  in 
some  localities  than  when  8upi)lied  as  carbonate,  while  in  other 
})laces  the  reverse  obtains.  Many  exiK^riments  in  the  Eastern 
States  have  show^  that  for  most  croi)s  gA'psum  is  greatly  infe- 
rior to  the  other  lime  compouncK  but  in  On»gon  very  favorable 
results  have  been  obtained  by  the  use  of  this  material. 

Gypsum  has  been  used  successfully  in  correcting  the  eifect 
of  carbonate  of  soilium  in  black  alkali  soils,  as  evidenced  by 
the  extensive  work  {)erfonued  by  Ililgard  in  California.  When 
sodium  nitrate  is  used  in  large  quantities,  the  result  of  the  o\>- 
[)ropriation  of  the  nitrogen  by  the  cro[)  and  the  action  of  de- 
nitrifying  organisms  on  the  nitrate  is  frequently  the  forma- 
tion of  unfavorable  amounts  of  bicarbonate  of  sodium,  which, 
while  not  as  noxious  as  the  carbonate,  is  still  a  serious  source 
of  crop  loss(»s.  It  may  act  by  deflocculating  the  soil  particles 
and  making  bad  physical  conditions,  by  causing  an  excessive 
alkalinity  interfere  with  bacterial  action,  or  by  having  dire(*tly 
an  adverse  influence  on  the  growing  plant.  In  experiments 
with  peas,  Takeuchi^  found  that  gyj)siun  added  to  nitrate  of 
soda  as  a  fertilizer  proiluced  decided  gains  in  crop  yields  over 
the  tests  where  none  was  added,  and  ascribed  the  results  to  its 
correction  of  excessive  alkalinitv.  On  the  contrarv,  tests  with 
ammonium  sulphate  showed,  the  opfMisite  eifect — the  yields 
were  lowered.  Carpenti'r^  found  that  lK)th  the  carbonate  and 
sulphate  of  calcium  counteracted  or  neutralized  the  toxic  eifect 
of  such  salts  as  sulphate  of  magnesia,  and  the  chloride,  sulphate, 
or  bicarbonate  of  soda,  but  the  sulphate  to  the  greater  extent. 

Considerable  work  has  been  published  by  O.  Loew  on  the 
importance  of  a  correct  ratio  between  lime  and  magnesia  in 
soils.  This  theory  has  not  become  entirely  accepted  by  agri- 
cultural investigators,  but  has  l>een  the  subject  of  extensive 
research  by  Japanese  scientists.  In  the  same  article  quotr^d 
above,  Takeuchi,  in  experiments  with  oats  and  spinach  culti- 
vated in  soil  to  which  magnesia  was  added,  found  that  the  sul- 
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phate  of  lime  corrected  the  effect  of  the  excess  of  magnesia, 
but  the  carbonate  actually  depressed  the  yield  to  an  imusual 
extent. 

Jn  the  use  of  calcium  as  oxide,  or  quicklime,  care  must  be 
exercised  not  to  make  the  application  too  large.  Not  only 
may  there  be  no  appreciable  results,  but  an  actual  injury  may 
be  occasioned.  In  soils  poor  in  humus,  caustic  lime  destroys 
some  of  this  valuable  soil  ingredient.  Warrington  found  that 
limewater  is  a  much  stronger  alkali  than  the  nitric  organisms 
can  bear.  Of  course,  the  lime  oxide  is  rather  quickly  trans- 
formed to  the  carbonate,  when  its  harmful  influence  in  this 
respect  will  disappear.  The  carbonate  of  calcium,  on  the  con- 
trary', has  but  little  effect  on  the  humus,  and  its  solubility  in 
water  is  so  small  that  there  would  be  no  harmful  results  from 
even  a  considerable  excess.  Quicklime,  or  the  carl)onate,  is  fre- 
quently applied  in  conjunction  with,  or  prior  to,  ammonium 
sulphate  dressing.  The  rationale  of  this  is  that  ammonium  sul- 
phate being  physiologically  acid,  a  base  should  be  present  to 
combine  with  the  acid  released.  Apriori,  some  3oils  already 
basic  will  not  be  benefited. 

As  already  mentioned,  caustic  lime  will  improve  sandy  soils 
by  cementing  the  sand  particles,  and  benefit  clay  soils  by  floc- 
culation.  The  soils  of  these  Islands  cannot  Ix*  properly  placed 
under  either  of  these  categories.  In  some  cases  caustic  lime 
has  given  undoubtedly  good  results  on  the  physical  conditi(m 
of  the  soil;  in  other  cases  has  worked  a  positive  damage,  by 
making  the  soils  compact  and  hard  to  work.  In  the  former 
case,  the  soils  had  the  characteristics  appertaining  to  a  clay ; 
in  the  latter  to  a  sand.  It  is  evident  that  before  liming,  a  soil 
should  be  properly  studied  and  tested.  Calcium  carbonate,  on 
the  contrary,  would  not  have  any  such  decided  results.  Its 
effects  are  more  gradual,  and  perhaps  more  permanent. 

Hopkins^  states  that  a  soil  tends  to  l)ecome  compact  and  hard 
with  long  continued  use  of  land-plaster,  lie  suggests  that  it 
may  convert  more  or  less  of  the  supposedly  difficultly  available 
iron  phosphate  into  the  more  readily  available  tricalcic  phos- 
phate, as  indicated  by  the  following  equation: 

2  FeP04+3CaS04=Ca3  (PO4)  2+Fe2  (SO4)  3 

This  possibility  is  of  great  local  importance,  since  our  soils, 
while  showing  a  considerable  amount  of  i)hosphoric  acid,  con- 
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tain  it  principally  as  insoluble  iron  and  aluminum  salts.  The 
statement  is  not  to  be  accepted  positively,  however,  since  the 
results  of  many  investigators  on  the  action  of  lime  compounds 
on  soil  phosphates  show  widelj  vary'ing  results,  and  likewise 
was  not  borne  out  by  our  results  in  this  series. 

It  has  been  suggested  by  one  writer  that  a  good  way  to  sup- 
})ly  lime  is  as  a  mixture  of  carbonate  and  sulphate,  where  the 
former  can  correct  the  ill-effects  of  the  latter.  In  comparing 
the  relative  values  of  g\'psum  and  quicklime,  Inery  says:  "Gyp- 
sum exhausts  only  the  mineral,  quicklime  the  irreplaceable  or- 
ganic matter  of  the  soil."  It  is  evident  that  lime  in  any  of  its 
forms  is  not  a  "universally  applicable  enricher  of  the  soil,"  but 
must  be  applied  and  api)ortioned  to  a  soil  with  the  same  care 
and  judgment  that  is  given  to  commercial  fertilizers. 

SERIES     B. 

Each  of  the  lysimeters  in  this  series  was  supplied  with  forty 
pounds  of  the  lowland  soil,  which  measured  1000  cubic  inches. 
An  acre-foot  would  therefore  weigh  3,010,867  pounds,  or  in 
round  numbers  8,000,000  pounds.  Fertilizing  material  was 
added  at  a  rate  corresponding  to  100  pounds  of  nitrogen, 
phosphoric  acid  and  potash  per  acre,  respectively.  The  nitro- 
gen was  supplie<l  as  ammonium  sulphate;  })hosphoric  acid  as 
louble  superphosphate;  and  potash  as  sulphate,  with  the  excep- 
tion of  tests  15,  23,  and  24.  The  treatment  of  the  several 
Ivsimeters  was  as  follows: 

13— Xothing. 

14 — Phosphoric  acid. 

15 — Pli()S{)horic  acid  from  tri-calcic  phosphate 

1 0— Potash. 

1 7 — Nitrogen. 

18 — Phosphoric  acid  and  potash. 

19 — Nitrogen  and  phosphoric  acid. 

20 — Nitrogen  and  potash. 

21 — Nitrogen,  phosphoric  acid,  and  potash. 

22 — Nitrogen  and  calcium  oxide. 

23 — Nitrogen  as  nitrate  of  soda. 

24 — Nitrogen  as  nitrate  of  lime. 
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The  calcium  in  22,  as  caustic  lime,  was  intimately  mixed 
with  the  soil  previouft  to  its  being  placed  in  the  lysi meter.  The 
fertilizing  elements  were  introduc€Ml  after  filling  the  lysimeters, 
being  thoroughly  incorporated  with  the  surface  thnK*  inches. 
On  account  of  the  dryness  of  the  soil,  seven  liters  of  water 
were  required  for  the  first  irrigation  in  order  to  obtain  suffi- 
cient drainage  water  for  purposes  of  analysis.  The  subsequent 
irrigations  were  made  with  two  and  a  half  liters.  Tn  Tables 
X  to  XVII  will  be  found  the  results  reported  as  total  grams 
removed,  and  calculated  to  pounds  per  acre-foot  of  8,000,000 
pounds.  As  in  series  A,  the  small  amounts  of  ammonia  and 
nitrous  nitrogen  are  included  with  the  nitrate  in  the  table  giv- 
ing pounds  per  acre. 
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TABLE    X. 
Nitric  Nitrogen   in  Dminiigre. 

GRAMS. 


Irriga- 
tion 
Number. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

1 

.1860 

.1839 

.1841 

.1890 

.1922 

.1814 

.1889 

.1810 

.1461 

.1750 

.1892 

.1644 

2 

.0624 

.0586 

.0832 

.0928 

.1057 

.0646 

.0882 

.1111 

.0841 

.0933 

.1646 

.2130 

3 

.0196 

.0581 

.0715 

.0508 

.0851 

.0570 

.0417 

.0540 

.0733 

.0556 

.1122 

.1075 

4 

.0140 

.0422 

.0389 

.0159 

.0458 

.0214 

.0269 

.0457 

.0547 

.0291 

.0355 

.0247 

5 

.0156 

.0582 

.0478 

.0178 

.0612 

.0186 

.0500 

.0609 

.0759 

.0494 

.0274 

.0186 

6 

.0170 

.0637 

.0335 

.0246 

.0729 

.0229 

.0842 

.0810 

.0842 

.0274 

.0249 

.0194 

7 

.0125 

.0383 

.0470 

.0189 

.0533 

.0160 

.0615 

.0543 

.0479 

.0117 

.0151 

.0180 

8 

.0143 

.0639 

.0495 

.0261 

.0490 

.0212 

.0463 

.0502 

.0329 

.0118 

.0179 

.0169 

9 

.0170 

.0516 

.0439 

.0290 

.0416 

.0235 

.0383 

.0475 

.0280 

.0119 

.0219 

.0228 

10 

.0173 

.0591 

.0445 

.0361 

.0420 

.0213 

.0345 

.0506 

.0341 

.0157 

.0239 

.0275 

Total. . . 

.3757 

.6776 

.6439 

.5010 

.7488 

.4479 

.6605 

.7363 

.6612 

.4809 

.6326 

.6328 

TABLE  XI. 
Total  Minerals  in  Drninagre. 

GRAMS. 


Irriga- 
tion No, 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

1... 

3.6807 

3.9655 

3.6920 

3.2609 

3.3234 

3.5195 

3.4067 

3.5872 

3.0126 

3.3118 

3.6110 

3.024 

2... 

2.6019 

3.5010 

4.2136 

3.9849 

3.9058 

3.8726 

4.2778 

4.4306 

5.1325 

5.0193 

5.1340 

4.596 

3... 

2.3290 

2.4186 

3.0096 

2.7650 

3.3051 

3.2629 

2.3736 

2.7589 

2.8692 

2.9072 

3.4847 

3.314 

4... 

1.5932 

1.5606 

1.6876 

1.6216 

2.0303 

1.9003 

1.7856 

2.1714 

2.1314 

2.1173 

1.6599 

1.490 

5.  . . 

1.1854 

1.3608 

1.5272 

1.4673 

1.8758 

1.3507 

1.8819 

2.1623 

2.1268 

1.9446 

1.4215 

1.258 

6... 

1.3032 

1.5120 

1.8473 

1.6465 

2.0738 

2.0111 

2.3570 

2.5714 

2.6424 

2.1620 

1.5804 

1.585 

7... 

1.0608 

1.2586 

1.5716 

1.4007 

1.7963 

1.6139 

1.7903 

1.9716 

1.9782 

1.5345 

1.1534 

1.180 

8... 

.   1.0787 

1.1295 

1.3464 

1.2277 

1.5600 

1.4765 

1.4989 

1.5930 

1.6249 

1.4056 

1.1519 

1.064 

9... 

.9996 

1.1638 

1.3761 

1.2208 

1.5007 

1.5338 

1.4689 

1.5815 

1.6147 

1.4127 

1.0980 

1-194 

10... 

.9580 

1.5289 

2.0634 

1.1781 

1.3812 

1.3766 

1.2768 

1.4229 

1.3909 

1.2442 

1.0414 

1.092 

Total 

.  16.7905 

19.3993 

22.3348 

19.7735 

22.7524 

21.9179 

22.1175 

24.2508 

24.5236 

23.0592 

21.3362 

19.800 
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TABLE    XII. 
Calcimn  Oxide   in  Drainage. 

GRAMS. 


Irriga- 
tion 
Number. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

1 

.4825 

.5653 

.6080 

.4623 

.4554 

.5087 

.4455 

.4379 

.3927 

.4592 

.4606 

.3801 

2 

.2538 

.3510 

.3670 

.3790 

.3920 

.2894 

.4150 

.4446 

.4128 

.3836 

.3587 

.3927 

3 

.2686 

.2689 

.3731 

.3362 

.3692 

.3678 

.2832 

.3474 

.3416 

.3739 

.3801 

.3581 

4 

.2003 

.1637 

.2132 

.2017 

.2035 

.2015 

.2046 

.2710 

.2526 

.2837 

.2082 

.1613 

5 

.1404 

.1310 

.1902 

.1729 

.2111 

.1792 

.2035 

.2546 

.2457 

.2509 

.1514 

.1292 

6 

.1593 

.1628 

.2524 

.2029 

.2555 

.2778 

.2745 

.3133 

.3204 

.2907 

.1800 

.1701 

7 

.1312 

.1318 

.2010 

.1674 

.2119 

.2233 

.2067 

.2449 

.2433 

.2000 

.1168 

.1296 

8 

.1148 

.1170 

.1805 

.1523 

.1936 

.2142 

.1736 

.2025 

.2096 

.1856 

.1400 

.1181 

9 

.1226 

.1255 

.1881 

.1536 

.1893 

.2201 

.1830 

.2071 

.2140 

.1904 

.1304 

.1378 

10 

.1221 

.1245 

.1876 

.1530 

.1806 

.2061 

.1646 

.1921 

.1876 

.1720 

.1246 

.1287 

Total. . . 

1.9956 

2.1415 

2.7611 

2.3813 

2.6621 

2.6881 

2.5542 

2.9154 

2.8203 

1 

2.7900 

2.2508 

2.1057 

TABLE    XIU. 
Potash   in  Drainage. 

GRAMS. 


Irriga- 
tion 
Number, 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

1 

.0841 

.0579 

.0554 

.0479 

.0495 

.0545 

.0438 

.0469 

.0393 

.0398 

.0495 

.0373 

2 

.0599 

.0460 

.0593 

.0517 

.0588 

.0542 

.0641 

.0679 

.0716 

.0589 

.0745 

.0785 

3 

.0568 

.0410 

.0516 

.0475 

.0556 

.0589 

.0471 

.0514 

.0564 

.0644 

.0544 

.0514 

4 

.0473 

.0337 

.0414 

.0377 

.0417 

.0448 

.0396 

.0638 

.0493 

.0496 

.0401 

.0359 

5 

.0385 

.0291 

.0420 

.0409 

.0601 

.0377 

.0399 

.0461 

.0506 

.0555 

.0352 

.0297 

6 

.0459 

.0389 

.0489 

.0445 

.0556 

.0595 

.0660 

.0725 

.0640 

.0595 

.0491 

.0438 

7 

.0395 

.0425 

.0444 

.0438 

.0543 

.0617 

.0613 

.0805 

.0895 

.0579 

.0397 

.0367 

8 

.0340 

.0272 

.0371 

.0290 

.0499 

.0477 

.0427 

.0476 

.0484 

.0462 

.0343 

.0337 

9 

.0392 

.0301 

.0366 

.0325 

.0498 

.0483 

.0520 

.0590 

.0463 

.0474 

.0346 

.0375 

10 

.0384 

.0370 

.0325 

.0320 

.0483 

.0443 

.0410 

.0425 

.0421 

.0371 

.0332 

.0326 

Total.. . 

.4836 

.3834 

.4492 

.4075 

.5236 

.5116 

.4975 

.5782 

.5575 

.5163 

1 

.4446 

"  ■ 

.4171 
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TABLE    Xiy. 
3(itric   Nitrogen  in  Drainage. 

Pounds  per  Acre-Foot  of  3,000,000  Pounds. 


Irriga- 
tion 
Number. 

13. 
30.7 

r-"    — " 

14. 

15. 

16. 

17. 

18. 
30.0 

19. 
31.2 

20.         21. 

22. 

23. 

24. 

1 

30.7 

30.5 

31.3 

31.9 

30.0 

24.2 

29.0 

31.3 

27.2 

2 

10.4 

9.7 

13.8 

15.4 

17.5 

10.7 

14.6 

18.4 

13.9 

15.5 

27.7 

35.2 

3 

3.3 

9.6 

11.8 

8.4 

14.1 

9.4 

6.9 

9.0 

12.1 

9.2 

18.6 

17.8 

4 

2.4 

7.1 

6.5 

2.7 

7.6 

3.6 

4.5 

7.6 

9.1 

4.8 

5.9 

4.1 

5 

2.6 

9.7 

8.0 

3.0 

10.2 

3.1 

8.4 

10.1 

12.6 

8.3 

4.6 

aa 

6 

3.0 

10.5 

5.6 

4.1 

12.1 

3.8 

14.0 

13.4 

14.0 

4.6 

4.2 

3.3 

7 

2.1 

6.4 

7.8 

3.2 

8.9 

2.7 

10.2 

9.0 

8.0 

2.0 

2.5 

3.0 

8 

2.4 

10.4 

8.2 

4.4 

8.1 

3.5 

7.7 

8.3 

5.5 

2.0 

3.0 

2.8 

9 

2.8 

8.6 

7.3 

4.8 

6.6 

3.9 

6.3 

7.9 

4.8 

2.1 

3.6 

3.8 

10 

2.9 

9.8 

7.4 

6.0 

7.0 

3.5 

5.7 

8.4 

5.7 

2.6 

4.0 

4.6 

Total... 

62.6 

112.5 

106.9 

83.3 

124.0 

74.2 

109.5 

122.1 

109.9 

80.1 

105.4 

104.9 

TABLE    XV. 
Total   Minerals  in   Drainagre. 

Pounds  per  Acre-Foot  of  3,000,000  Pounds. 


Irriga- 
tion 
Number, 

13. 

14. 

15. 

16. 

17. 
549.5 

18. 
581.9 

19. 

20. 

21. 

22. 

23. 

24. 

1 

608.6 

655.7 

610.4 

539.2 

563.3 

593.1 

498.1 

547.6 

597.1 

500.0 

0 

.rf. . . . .  . 

430.2 

578.9 

696.7 

658.9 

645.8 

640.3 

707.3 

732.6 

848.6 

829.9 

848.9 

760.0 

3 

385.1 

399.9 

497.6 

457.2 

546.5 

539.5 

392.5 

456.2 

474.4 

480.7 

576.2 

548.1 

4 

263.4 

258.0 

279.1 

268.1 

335.7 

314.2 

295.2 

359.0 

352.4 

350.1 

274.5 

246.4 

0 

196.0 

225.0 

252.5 

242.6 

310.2 

223.3 

311.2 

357.5 

351.7 

321.5 

235.0 

208.0 

6 

215.5 

250.0 

305.4 

272.2 

342.9 

332.5 

389.7 

425.2 

436.9 

357.5 

261.3 

262.2 

< 

175.4 

208.1 

259.9 

231.6 

297.0 

266.9 

296.0 

326.0 

327.1 

253.7 

190.7 

195.1 

8 

178.4 

186.8 

222.6 

203.0 

257.9 

244.1 

247.8 

263.4 

268.7 

232.4 

190.5 

176.0 

9 

165.3 

192.4 

227.5 

201.9. 

248.1 

253.6 

242.9 

261.5 

267.0 

233.6 

181.5 

197.5 

10 

158.4 

252.8 

341.2 

194.8' 

228.4 

227.7 

211.1 

235.3 

230.0 

205.7 

172.2 

180.6 

Total.. 

2776.3 

3207.6 

3692.9 

3269.5i 

3762.0 

3624.0 

3657.0 

4009.8 

4054.9 

3812.7 

1 

3527.9 

3273.9 
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TABLE     XYI. 

Ciilcium   Oxide   In   Druinuge. 

Pounds  per  Acre-Foot  of  3,000,000  Pounds. 


Irrig-a- 
tion 
Number. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 
64.9 

— 

22. 
75.9 

23. 
76.2 

24. 

1 

79.8 

93.4 

100.5 

76.4 

75.3 

84.1 

73.7 

72.4 

62.9 

%, 

42.0 

fiS.O 

60.7 

62.7 

64.8 

47.9 

68.6 

73.5 

68.3 

63.4 

59.3 

64.9 

3 

44.4 

44.5 

61.7 

55.6 

61.1 

60.8 

46.8 

57.5 

56.5 

61.8 

62.9 

59.2 

4 

33.1 

27.1 

35.3 

33.4 

33.G 

33.3 

33.9 

44.8 

41.8 

46.9 

34.4 

26.7 

r> 

23.2 

21.7 

31.4 

28.6 

34.9 

29.6 

33.6 

42.1 

40.6 

41.5 

25.0 

21.4 

6 

26.4 

26.9 

41.7 

33.5 

42.2 

45.9 

45.4 

51.8 

53.0 

48.1 

29.8 

28.1 

i 

21.7 

21.8 

33.2 

27.7 

35.1 

36.9 

34.0 

40.5 

40.2 

33.1 

19.3 

21.4 

8 

19.0 

19.3 

29.9 

25.2 

32.0 

35.4 

28.7 

33.5 

34.7 

30.7 

23.1 

19.6 

9 

20.3 

20.8 

31.1 

25.4 

31.3 

36.4 

30.3 

34.2 

35.4 

31.5 

21.6 

22.8 

10 

20.2 

20.6 

31.0 

25.3 

29.9 

34.1 

27.2 

31.8 

31.0 

28.4 

20.6 

21.3 

Total.. . 

330.1 

354.1 

456.5 

393.8 

440.2 

444.4 

422.2 

482.1 

466.4 

461.3 

372.2 

348.3 

TABLE     XVIL 
Potash   in   Drainage. 

Pounds  per  Acre-Foot  of  3,000,000  Pounds. 


Irriga- 
tion 
Number. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

8.2 

24. 

1 

13.9 

9.6 

9.2 

7.9 

8.2 

9.0 

7.2 

7.8 

6.5 

6.6 

6.1 

2 

9.9 

7.6 

9.8 

8.5 

9.7 

9.0 

10.6 

11.2 

11.8 

9.7 

12.3 

13.0 

3 

9.4 

6.8 

8.5 

7.9 

9.2 

9.7 

7.9 

8.5 

9.3 

10.7 

8.9 

8.5 

4 

7.8 

5.6 

6.8 

6.2 

6.9 

7.4 

6.6 

10.5 

8.2 

8.2 

6.6 

6.0 

5 

6.4 

4.8 

6.9 

6.8 

9.9 

6.2 

6.6 

7.6 

8.4 

9.2 

5.8 

4.9 

6 

7.6 

6.4 

8.1 

7.4 

9.2 

9.8 

10.9 

12.0 

10.6 

9.8 

8.1 

7.3 

i 

6.5 

7.0 

7.4 

7.2 

9.0 

10.2 

10.1 

13.3 

14.8 

9.6 

6.6 

6.1 

8 

5.6 

4.5 

6.1 

4.8 

8.2 

7.9 

7.1 

7.9 

8.0 

7.6 

5.7 

5.6 

9 

6.5 

5.0 

6.0 

5.4 

8.2 

8.0 

8.6 

9.8 

7.6 

7.8 

5.7 

6.2 

10 

6.4 

6.1 

5.4 

5.3 

8.0 

7.3 

6.8 

7.0 

7.0 

6.1 

5.5 

5.4 

Total... 

80.0 

63.4 

74.2 

67.4 

86.5 

84.5 

82.4 

95.6 

92.2 

85.3 

73.4 

69.1 

u 
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Chart  Z. 


81 

It  is  apparent  that  in  this  series  we  are  dealing  with  a  soil 
extremely  high  in  soluble  calcium  compounds.  In  the  previous 
set  of  lysimeter  experiments  reported  by  this  station,  164 
pounds  of  dry  soil,  after  twenty-one  irrigations,  gave  3.3  grams 
lime  in  the  drainage.  With  the  soil  of  our  present  experiment, 
the  check  test,  containing  thirty-eight  pounds  of  dry  soil,  gave 
almost  2  grams  of  lime  after  ten  irrigations.  It  is  probably 
due  to  the  original  alkalinity  of  the  soil  and  the  presence  of 
sufficient  amounts  of  soluble  lime  salts  that  the  further  addi- 
tion of  lime  depressed  the  amount  of  nitrate  nitrogen  foimd 
from  sulphate  of  ammonia  from  124  pounds  in  test  17  to  80.1 
pounds  in  test  22.  The  excessive  alkalinity  presented  a  con- 
dition unfavorable  for  the  normal  functioning  of  the  nitrify- 
ing organisms.  Such  a*  condition  is  usually  associated  with  ex- 
cessive acidity  of  soil ;  an  excess  in  the  opposite  direction  is 
equally  unfavorable.  Warrington,  as  has  already  been  men- 
tioned, found  that  limewater  is  a  nuich  stronger  alkali  than 
the  nitric  ferments  can  bear,  and  in  this  case  we  probably  had 
a  soil  solution  which,  while  not  as  strongly  alkaline  as  lime- 
water,  was  nevertheless  of  sufficient  alkalinity  to  inhibit  normal 
nitrification. 

The  effects  of  the  fertilizing  elements  on  the  soil  nitrogen 
are  shown  in  tests  13,  14,  15,  16,  and  18,  and  are  illustrated 
in  Chart  2.  The  best  result,  in  respect  of  nitrification,  was 
obtained  in  test  14,  where  superi>hosphate  was  used;  the  poor- 
est in  18,  where  superphosphate  and  potash  were  applied  to- 
gether. Phosphoric  acid,  as  tri-calcic  phosphate,  was  but  slight- 
ly inferior  in  its  effects  than  when  applied  as  the  acid  salt; 
and  potash  alone  was  slightly  better  than  potash  along  with 
acid-phosphate.  The  increase  in  nitric  nitrogen  was  accom- 
panied by  changes  in  the  lime  and  potash  as  follows: 

Test  18 — Large  rise  in  lime;  small  rise  in  potash. 
Test  16 — ^Rise  in  lime;  large  drop  in  potash. 
Test  15 — Large  rise  in  lime;  slight  drop  in  potash. 
Test  14 — Slight  rise  in  lime;  large  drop  in  potash. 

The  chemical  transformations  occurring  in  any  soil  are  natu- 
rally very  involved,  and  apparently  contradictory  and  unex- 
plainable  results  are  often  obtained.  Thus,  working  with  a 
soil  excessively  rich  in  soluble  lime,  the  best  results  might  be 
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expected  wliere  the  increase  in  soluble  lime  is  the  least.  The 
p<M)r(»st  result  was  obtained  in  test  IS,  where  a  large  increase 
of  lime  (K'curred ;  but  this  was  true  also  of  t-est  15,  yet  107 
pcMinds  of  nitric  nitrogen  were  produced  here,  while  test  18 
yielded  only  74  {xmnds.  The  explanation  of  this  must  Ik*  sought 
in  the  form  of  calcium  leached  out  into  the  drainage  waters  and 
thus  present  in  the  soil  watt*r.  Thus,  in  test  18,  along  with 
100  jMiunds  of  {M>tash,  added  as  suljdiate,  there  were  added  85 
])oun(ls  of  sulphur  trioxide.  Of  the  100  jK)unds  of  the  iK)t4ish 
aclded,  only  five  pounds  were  found  in  the  drainage  waters; 
it  is  therefore  reasonable  to  conchuK*  that  of  the  lime  lilx^rated 
a  large  projM)rtion  was  drained  as  gy {)sum.  The  exiK^riments 
at  this  station  in  1J>0()  showed  that  gjpsum  had  an  unfavorable 
effect  on  nitrification  in  lowland  soil  abundantly  supplied  with 
lime.  A  corresponding  effect  is  one  explanation  of  this  drop 
in  nitrification  in  the  ])resent  instance.  In  t^^st  15,  the  lime 
r(H»overe(l  in  drainage  was  not  in  the  form  of  sulphate,  at  least 
not  to  an  extent  greater  than  in  the  other  experiments,  since 
no  sulphuric  acid  was  added.  It  may  1h»  explaine<l  by  (1)  the 
replacement  of  the  lime  by  iron  and  aluminum  in  the  soil,  and 
its  drainage  as  silicate;  or  (2)  in  the  first  series  it  was  noted 
that  increased  nitrate  j)roductiim  was  g(*nerally  accompanied  by 
an  increase  of  calcium  in  drainage.  The  tri-c^lcic  ])hosphate 
acted  as  stimuhuit  to  the  nitrification,  whence  it  follows  that 
more  lime  was  withdrawn  from  the  soil  in  the  form  of  soluble 
calcium  nitrate. 

WTiere  potash  alone  was  added,  the  lime  in  the  drainage  in- 
creased over  the  che<*k  test  (>-3  [>ounds,  while  the  potash  de- 
creased 1*5  pounds.  There  has  ap])arently  l)een  a  reaction  here 
counter  to  that  occurring  when  gypsum  is  added;  the  potas- 
sium as  sulphate  released  the  lime  from  its  insoluble  combi- 
nation, forming  insolubh*  potassium  compounds  (i.  e.,  the  po- 
tassium was  tixe<l),  and  releasing  the  calcium  as  soluble  sul- 
jdiate.  Thus  the  least  increase  in  nitrification  is  found  in  those 
tests  where  the  presence  of  soluble  calcium  sulphate  can  be  ex- 
plain(Ml. 

Where  acid  phosphate  was  added,  a  different  set  of  reactions 
followed.  The  soluble  phosphoric  acid  was,  as  in  all  tests,  en- 
tirely fixed  in  the  soil.  A  combination  must  have  l)een  effected 
between  it  and  the  calcium,  iron,  and  aluminum  compounds. 
Since  the  soil   was  (piite  alkaline  and  contained  considerable 
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soluble  lime,  it  is  nio'^t  probable  that  the  combination  was 
largely  with  ealciuui ;  and  not  at  all  unlikely  that  the  reduc- 
tion of  alkalinity  favored  the  transformation  of  the  soil  nitro- 
gen, as  reflected  in  the  large  amount  of  nitric  nitrogen  found 
in  the  drainage.  There  were  but  24  pounds  more  of  lime  found 
in  the  drainage*  than  in  the  check  test,  and  102  pounds  less 
than  in  test  15,  which  received  its  phosphoric  acid  as  tri-calcic 
phosphate.  This  last  is  partly  explained  by  the  fact  that  in 
applying  100  pounds  of  phosphoric  acid  as  tri-calcic  prosphate, 
118  jM)und»^  of  calcium  oxide  were  also  addeil ;  where  the  phos- 
])horic  acid  came  from  double  superphosphate,  tmly  40  pounds 
of  calcium  oxide  were  added. 

TESTS    WITH    AMMOyiUM    SULPHATE. 

In  the  tests  where  ammonium  sulphate  was  added,  (juite  dif- 
ferent condititms  obtain  than  in  the  preceding.  In  supplying 
100  pounds  of  nitrogen  in  this  form,  ^iS;")  )M>unds  of  sulphuric 
oxide  were  also  added.  In  a  soil  rich  in  free  liuie,  the  sul- 
phuric oxide  released  from  its  cond)inati(m  with  the  ammonia 
following  the  conversion  of  the  latter  into  nitric  nitrogen,  or 
previously  by  a  chemical  reaction,  w(mld  very  naturally  com- 
bine with  the  lime  to  form  the  solubh*  calcium  sulphate.  The 
maximum  nitrogen  recovered  as  nitrate  was  124  pounds,  or 
61.4  pounds  more  than  in  check  test  1*5.  On  this  basis,  ()1.4 
\n'v  cent  of  the  ammonium  nitrogen  was  converted  into  nitric 
nitrogen  during  the  tiujc  of  the  exi>t*riment.  In  the  same 
length  of  time,  lysimeter  tests  in  lJK)r)  gave  02. r>  per  cent  of 
of  the  nitrogen  added  as  ammonia.  The  action  of  the  two 
soils  is  therefore  fairly  comparable.  The  soils  in  the  experi- 
ments of  IDOf)  were  unfavorably  effected  as  regards  nitrifica- 
tion by  gv])sum.  In  the  present  soil,  on  adding  ])otash  to  the 
soil,  42  pounds  more  of  lime  than  in  test  17  were  found  in 
the  drainage  water,  and  a  slight  drop  in  the  nitric  nitrogen  is 
observed.  Where  superphosphate  was  added,  either  with  or 
without  the  potash,  there  resulted  a  loss  of  14  to  14.5  ])ounds 
of  nitric  nitrogen  when  coui])ared  with  test  17,  whilst  the  lime 
and  potash  in  the  drainage  in  the  su|)er])hos|)hate  test  19  are 
lower  than  in  check  test  17.  This  latter  result  compares  with 
the  relationship  holding  in  the  tests  not  receiviuir  sulphate  of 
ammonia,  an  explanati(m  of  which  was  attempted   while  dis- 
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cussing  the  results.  There,  however,  the  superphosphate  exerted 
a  most  beneficial  influence;  in  the^e  latter  tests  its  influence 
was  quite  in  the  contrary  direction.  A  possible  explanation 
is  that  of  the  effect  of  superphosphate  on  the  ammonifying 
and  nitrifying  organisms  in  soil.  In  a  series  of  bio-chemical 
tests  reported  by  this  station  in  1910,'  the  soil  treated  being 
a  typical  lowland  soil,  it  was  found  that  soil  treated  with  super- 
phosphate accelerated  ammonification  in  peptone  solution,  and 
depressed  nitrification  in  a  solution  of  ammonium  sulphate. 
Similarly,  in  the  lysimeter  test  to  which  ammcmium  sulphate 
and  superphosphate  were  added,  the  rate  of  nitrification  and, 
as  a  consequence,  the  total  amount  of  nitric  nitrogen  found  at 
the  expiration  of  the  test,  were  lowered*. 

The  action  of  added  caustic  lime  on  nitrification  of  ammo- 
nium sulphate  in  this  soil  has  already  been  commented  on. 
Nitrification  was  considerably  depressed,  due  entirely,  we  be- 
lieve, to  the  excessive  alkalinity  of  the  soil  solution.  The  re- 
sults of  these  tests  are  showTi  graphically  in  Chart  8. 

TESTS   WITH   NITRATES. 

Nitrate  of  soda  and  nitrate  of  lime  give  about  the  same 
amounts  of  nitric  nitrogen  in  the  drainage,  both  being  inferior 
to  sulphate  of  ammonium  in  this  respect.  The  amount  of  lime 
in  the  drainage,  as  in  previous  exjwriments  at  this  station,  was 
also  less  in  the  nitrate  than  in  the  sulphate  of  ammonia  test. 
The  rate  at  which  nitric  nitrogen  was  present  in  solution  also 
showed  the  same  relative  differences  as  before.  Whereas  in 
test  17  Avith  sulphate  of  ammonia,  65.6  per  cent  of  the  total 
nitrogen  recovered  was  obtained  after  the  first  half  of  the  dura- 
tion of  the  experiment,  the  nitrate  tests  23  and  24,  yielded 
83.5  per  cent  of  the  total.  The  nitrate  forms  had  then  the  ad- 
vantage in  immediate  availability,  but  the  ammonia  nitrogen 
supplied  a  greater  sum  total  and  more  gradually.  Twenty 
weeks  after  the  application  of  the  fertilizers,  there  was  found 
in  test  17,  7  pounds  of  nitric  nitrogen  in  the  drainage  water; 
tests  23  and  24,  fertilized  with  sodium  nitrate  and  calcium 
nitrate,  yielded  4  and  4.6  pounds,  respectively.  Indeed,  after 
the  third  irrigation,  or  six  weeks  from  the  start,  the  ammonia 
fertilization  was  giving  more  nitric  nitrogen  than  did  either 
of  the  nitrate  tests. 
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GENERAL    (X^^XCLUSTOXS. 

The  results  of  the  tests  of  series  B,  while  showing  the  eflFects 
of  tlie  resj)ective  treatments  on  the  ])roduetion  of  nitric  nitro- 
gen, do  not  absohitely  indicate  the  treatment  that  should  be 
accorded  a  land  of  similar  com]H)sition  under  cane.  The  re- 
sults recorded  here  report  the  effects  on  the  transformation  of 
the  soil  nitrogen ;  under  crop  conditions,  other  considerations, 
such  as  the  supj)lying  of  mineral  nutriment  for  the  growing 
crop,  the  influence  on  the  texture  and  wat<T-holding  capacity 
of  the  soil  on  which  a  cro})  is  growing,  the  effect  of  the  fer- 
tilizers (m  insect  and  ]>arasitic  life,  etc.,  })resent  new  complica- 
ti(ms,  which  can  l)e  solved  onlv  bv  field  tests  //*  s'dn  However, 
of  the  nutrients  necessary  for  cane-crop  growth,  nitrogen  is  the 
most  essential  for  gains  in  yield,  and  any  method  of  treatment, 
such  as  in  test  22,  from  which  indubitablv  harmful  conditions 
for  nitrification  accrued,  mav  be  verv  safelv  accepted  as  one 
to  be  avoided.  The  Ix^t  r(»sults  as  regards  quantity  of  nitric 
nitrogen  produced  was  obtained  in  test  17,  where  only  sulphate 
of  ammonia  was  applied.  Yet  this  method  of  treatment  is  not 
advised  in  actual  practice,  since  it  woubl  work  towards  the 
de]»letion  of  the  soil,  l)oth  in  drainage  waters  and  crop,  of  the 
other  important  elements,  such  as  ]>otassium  and  j)hosj)horic 
acid.  These  elements  should  continue  to  form  a  part  of  the 
usual  ap])licati(ms  to  the  soil,  in  order  t(^  conserve  its  fertility. 
Tt  is  a  matter  of  re»gret  that  the  soil  used  in  this  second  series 
had  be(»n  treated  with  lime  a  short  time  previous  to  l)eing  s(^nt 
to  us,  and  therefore  did  not  re])resent  a  more  nearly  ty])ical 
normal  soil.  However,  since  the  ])ractice  of  liming  is  Very  gen- 
eral, the  results  as  obtained  are  both  interestins;  and  instructive, 
showiuiT  the  transformation  of  nitro42:en  into  nitric  nitrogen  in 
a  soil  to  which  lime  had  been  applied,  ])robably,  as  in  this  case, 
to  an  excessive  extent. 

SUMMARY. 

(A)  Working  on  an  u]>land  soil,  rich  in  organic  matter,  poor 
in  soluble  lime  and  potash,  and  acid  to  litmus: 

(1)  Calciuui  additions  as  oxide,  carlxmate  or  sul])hate,  in- 
crease the  nitrification  of  the  soil  nitroi^en  or  nitroiren  added  as 
sulphate  of  ammonia. 
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(2)  Calcium  additions  as  oxido,  carbonate  or  sulphate,  in- 
crease the  amounts  of  lime  and  potash  soluble  in  water  and 
recovered  in  the  drainage. 

(3)  Calcium  sulphate  was  more  effective  in  all  three  respects 
than  calcium  oxide  or  carlxmate. 

(4)  The  acidity  of  the  soil  did  not  secMu  the  controlling  fac- 
tor as  regards  nitrification;  the  water-soluble  calcium  seemed 
of  greater  significance. 

(5)  Fertilizing  with  water-soluble  ])hosphoric  acid  and  sul- 
phate of  potassium  produced  a  slight  increase  in  the  nitrifica- 
tion of  ammonium  sulphate. 

(6)  Any  increase  in  nitrification  was  generally  accompanied 
by  an  increase  in  lime  in  the  drainage. 

(B)  Working  on  »  lowland  soil,  containing  a  moderate 
amount  of  organic  mattc^r,  rich  in  soluble  calcium,  and  alka- 
line to  litmus : 

(1)  Additions  of  fertilizing  materials,  as  double  superphos- 
j)hate,  tri-calcic  phosphate  and  sulphate  of  potassium,  increased 
the  amount  of  nitric  nitrogen  formed  from  the  soil  nitrogen. 

(2)  The  best  results  in  this  respect  followed  the  us(»  of  double 
superphosphate  or  tri-calcic  phosphate. 

(3)  A  decrease  in  nitrification  resulted  from  the  use  of  pot- 
ash and  phosphoric  fertilizers  in  lysimeters  to  wdiich  nitrogen 
as  ammonium  sulphate  was  added. 

(4)  The  greatest  depression  in  this  respect  followed  the  addi- 
tion of  double  superphosphate. 

(5)  Liming  with  caustic  lime  depressed  greatlv  the  amount 
of  nitric  nitrogen  obtained  from  sulphate  of  ammonia. 

(6)  No  difference  was  observed  between  the  nitric  nitrogen 
in  the  drainage  obtained  from  equal  applications  of  nitrogen  as 
sodium  nitrate  and  calcium  nitrate. 

(7)  Both  nitrate  fertilizations  yielded  less  nitric  nitrogen 
in  the  drainage  than  was  obtained  from  an  equal  amount  of 
nitrogen  as  ammonium  sulphate. 
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(8)  Less  lime  was  found  in  the  drainage  from  the  nitrate 
applications  than  from  the  annnoninni  sulphate  application. 

(9)  There  was  no  relationship  lK»tween  the  lime  in  drainage 
and  extent  of  nitrification. 

In  conclusion  the  writer  desires  to  express  his  obligations 
to  the  Director,  Mr.  (\  F.  Eckart,  for  a^wi stance  in  planning 
the  ex})eriments;  and  to  ilr.  A.  E.  Jordan,  assistant  chemist, 
who  performed  a  large  j)roportion  of  the  analys(»s. 
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THE  MILLING  OF  CANE  CONSIDERED  IN  RELA- 
TION TO  THE  VOLUME  OCCUPIED 

BY  THE  FIBER. 


By  Noel  Deerr. 

t 

PART  I. 

THE    EXPERIMENTAL   STUDY    OF    THE    BEHAVIOR    OF    CANE    FIBER 

UNDER  PRESSURE. 

The  almost  universally  accepted  method  of  extracting  juice 
from  the  sugar  cane  consists  in  subjecting  the  cane  to  heavy 
pressure  between  revolving  rollers;  the  machinery  used  for  the 
purpose  has  become  highly  standardized  but  as  far  as  the  writer 
is  aware  there  are  on  record  no  experiments  dealing  with  the  be- 
havior of  cane  fiber  under  pressure ;  it  was  thought  that  possibly 
information  of  value  might  be  obtained  and  applied  to  existing 
problems  from  a  study  of  the  results  of  pressures  on  cane  fiber 
under  jsuch  conditions  that  the  weight  of  juice  expressed  and 
volume  of  fiber  corresponding  to  definite  pressures  could  be  meas- 
ured. An  account  of  the  experiments  made  and  a  discussion  of 
their  bearing  on  the  process  of  milling  is  given  in  the  following 
pages. 

Apparatus  employed.  The  tests  were  made  in  four  machines ; 
the  greater  number  were  conducted  in  two  machines  belonging 
to  the  College  of  Hawaii ;  one  a  Riehle  testing  machine  designed 
for  use  either  in  tension  or  compression  and  of  a  capacity  of 
150,000  lbs. ;  the  other  an  Olsen  hydraulic  compression  machine 
designed  especially  for  compression  tests  of  cement  cubes ;  it  was 
of  a  capacity  of  40,000  lbs.  These  machines  were  very  kindly 
placed  at  my  disposal  by  Dr.  Gilmore,  President,  and  Dr.  Young, 
Professor  of  Engineering  at  the  College  of  Hawaii.  My  thanks 
are  also  due  to  Dr.  Young  for  giving  much  time  to  superintend- 
ing the  operation  of  the  Riehle  machine,  and  for  much  help  in 
designing  the  apparatus  and  in  discussing  the  results  obtained. 

In  Fig.  1  is  shown  a  view  of  the  Riehle  machine  with  the  ap- 
paratus installed;  Fig.  2  shows  a  similar  view  of  the  Olsen  ma- 
chine; Fig.  3  gives  a  view  of  the  special  apparatus  used  in  con- 
nection with  the  Riehle  machine,  and  in  Fig.  4  is  shown  in  section 
a  view  of  the  pressure  pot  or  receptacle  for  holding  the  material 
under  pressure,  used  with  the  Olsen  machine.  That  used  with 
the  Riehle  machine  was  similar  but  larger. 


The  pressure  pot  used  in 
conjunction  with  the  Olsen 
machine  consisted  of  a 
steel  cylinder  7.39"  high 
and  3.28"  in  internal  dia- 
meter ;  the  walls  of  the  pot 
were  .4"  thick ;  the  bottom 
of  the  pot  consisted  of  a 
removable  steel  disc  .6" 
thick  and  fitting  closely  to 
the  pot :  twenty-nine  holes 
.125"  in  diameter  and  con- 
nected to  each  other  hy 
channels  were  drilled  in 
this  disc;  on  the  bottom  of 
the  pressure  pot  eight 
channels  were  also  formed 
so  that  juice  expressed 
from    the    material    under 


pressure  could  escape  freely.  The  pres- 
sure pot  stood  on  a  steel  saucer  5.5"  inter- 
nal diameter  and  which  served  to  contain 
the  expressed  juice;  an  annular  channel 
.25"  wide  and  deep  and  5"  in  diameter  was 
made  in  the  saucer;  in  this  channel  was  a 
hole  .25"  in  diameter  which  could  be  closed 
by  3  rubber  stopper  and  whence  the  ex- 
pressed juice  could  be  drawn  off  and  mea- 
sured in  graduated  vessels.  The  pressure 
pot  used  in  connection  with  the  Riehle 
machine  was   10"  high  and  4"  in  internal 


diameter;  a  removable  and  perforated 
disc  formed  the  bottom  and  a  saucer 
similar  to  but  larger  than  the  one 
described  above  served  to  catch  ex- 
pressed juice;  a  steel  plunger  12" 
long  and  4"  diameter  was  used  to 
transmit  pressure  from  the  head  of 
the  testing  machine  to  the  material 
contained  in  the  pot. 

When  using  the  Olsen  machine  the 
pot  filled  with  the  material  to  be  ex- 
amined was  placed  in  the  position 
shown  in  Fig.  2;  the  plunger  was 
then  screwed  down  on  to  the  surface 
of  the  material  by  means  of  the  wheel ; 
a  gauge  pressure  of  4500  lbs.  could 
be  obtained  by  this  means ;  the  hydrau- 
lic pressure  was  then  applied  throu^ 
the  ram,  operated  by  the  gear  seen  at 
the  right  of  the  cut ;  measurment  of  the 
height  and  consequently  the  volume 
of  the  compressed  material  was  ob- 
tained by  measuring  the  distance  from 
the  top  of  the  plunger  to  the  top  of 
the  pot,  that  is  to  say  the  distance  x.v, 
Fig.  5 ;  the  depth  of  the  plunger  was 


.98"  so  that  the  height  of  the  column  of  compressed  material  was 
7.30 —  (xx  +  ,98)  inches.  In  using  the  Riehle  machine  the  pot 
filled  with  material  to  be  examined  was  placed  in  the  position 
shown  in  Fig,  1 ;  the  plunger  a  was  allowed  to  fall  down  on  to 
the  surface  of  the  material,  pressure  being  applied  by  screwing 
down  the  head  b  on  to  the  plunger ;  measurement  of  the  height 
of  the  material  under  compression  was  made  thus ;  a  scale  c 
graduated  to  hundredths  of  an  inch  slid  freely  in  the  holder 
d ;  a  fixed  mark  on  the  holder  was  made  1"  below  the  top  of  the 
pressure  pot ;  as  the  upper  head  e  of  the  machine  descended  it 
pushed  down  the  scale  and  readings  were  made  opposite  the  fixed 
mark  on  the  holder;  as  the  plunger  was  two  inches  longer  than 
the  pot  the  reading  on  the  scale  diminished  by  three  inches  gave 
the  height  of  the  column  of  compressed  material.  The  third 
machine  used,  and  only  for  a  few  preliminary  experiments,  was 
an  hydraulic  press  employed  chiefly  for  forcing  off  wheels  from 
the  axles  of  cane  cars.  The  apparatus  which  was  improvised 
from  material  at  hand  consisted  (Fig.  5)  of  an  iron  pot  43/1^' 


in  diameter  and  9  inches  long ;  i&  is  a  solid  iron  cylinder  closely 
fitting  into  aa  and  serving  to  transmit  the  pressure  from  the 
plunger  of  the  ram  cc,  which  is  5  inches  in  diameter.  The  pot 
was  filled  with  bagas.se  taken  as  it  left  the  back  roller  of  a  mill, 
lightly  pressed  and  placed  in  position  between  the  back  .stop  of 
the  press  and  the  ram.  The  plunger  hb  was  then  inserted  into 
the  pot  and  the  press  pumped  up  until  the  plunger  and  ram  met. 
The  pressure  was  obtained  by  pumping  and  was  kept  steady  at  2. 
5,  10,  20,  40  tons  per  square  inch  of  rain  as  shown  by  the  gauge, 
whence  was  calculated  the  pressure  in  pounds  per  square  inch 


on  the  surface  of  the  bagasse  in  the  pot.  The  volume  occupied 
by  the  bagasse  was  obtained  by  measuring  the  distance  xx  from 
the  end  of  the  pot  up  to  the  face  of  the  ram. 

The  fourth  piece  of  apparatus  used  was  made  especially  to 
elaborate  certain  points  which  appeared  on  examination  of  the 
results  obtained  from  the  experiments  as  originally  planned.  It 
consisted,  Fig.  6  of  a  hollow  brass  cylinder  a  .25''  in  internal 

diameter  and  3.006  inches  long;  this 
cylinder  was  .screwed  ^"  standard  gas 
thread  at  both  ends;  on  the  upper  end 
a  circular  plate  b  five  inches  in  diameter 
was  screwed  down  on  to  a  projecting 
collar;  the  position  of  this  plate  was  in 
this  way  fixed  and  it  served  as  a  refer- 
ence position.  The  base  of  the  apparatus 
was  a  circular  plate  of  iron  cc  five  inches 
in  diameter  and  .75"  high  into  which  was 
screwed  the  hollow  brass  cylinder  a;  the 
^^^  ^  recess  into  which  this  fitted  penetrated 

only  .5"  into  the  plate;  a  small  hole  1/64"  diameter  was  drilled 
through  the  remaining  .25"  of  metal  so  as  to  serve  for  the  escape 
of  any  juice  which  might  be  pressed  out  of  the  material.  The 
plunger  d  by  means  of  which  pressure  was  transmitted  to  the  ma- 
terial contained  in  the  hollow  cylinder  was  of  steel  and  was  of  dia- 
meter .249";  the  plunger  was  3.010  inches  long  and  was  screwed 
^"  standard  gas  thread  at  one  end ;  on  this  end  was  screwed  a 
five  inch  circular  plate  ee  similar  in  every  respect  to  the  one  serv- 
ing as  the  base  of  the  apparatus:  as  the  screwed  recess  did  not 
pass  completely  through  the  plate  it  could  always  be  screwed  down 
to  the  same  position ;  measurement  of  the  distance  between  the 
plates  b  and  e  gave  a  measurement  of  the  length  of  the  plunger 
within  the  cylinder  a  and  consequently  of  the  height  and  volume  of 
the  material  therein  contained;  this  measurement  was  made  to 
,001"  by  means  of  a  micrometer  caliper  square.*  Pressure  was  ob- 
tained on  the  material  in  the  cylinder  by  means  of  lead  weights 
placed  on  top  of  the  plate;  the  weights  of  100  lbs.  and  up- 
wards were  cast  8"  in  diameter,  the  smaller  ones  being  made 
4" ;  as  the  area  of  the  surface  under  pressure  was  .04909  sq.  in.  a 
weight  of  1  lb.  on  the  plunger  corresponded  to  a  pressure  of 


*  A  more  elegant  method  of  measurement  would  have  been  by  means  of  a  sliding 
scale  and  vernier,  the  vernier  being  fixed  on  the  side  of  the  cylinder  aa  and  the 
-sliding  scale  moving  downwards  with  the  downward  motion  of  the  plunger;  means 
were  not  available  locally  to  make  this. 
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100  LBS. 


Fig.  7 


20.37  lbs-  per  sq.  in.  on  the  material  within  the  cylinder.     This 
apparatus  with  weights  in  position  is  shown  in  Fig.  7. 

Method    of   Making   a 

Test.  The  method  em- 
ployed in  making  a  test 
was  the  same  when  using 
either  machine.  A  weigh- 
ed quantity  of  chopped 
cane  or  bagasse  was  plac- 
ed in  the  pressure  pot.  A 
gradually  increasing  pres- 
sure was  applied  and  at 
intervals  corresponding  to 
observed  pressures  the 
juice  expressed  was  col- 
lected in  graduated  ves- 
sels, the  volume  of  resi- 
due remaining  in  the  pres- 
sure pot  being  measured 
at  the  same  time.  At  the 
conclusion  of  a  test  the 
wad  of  compressed  mate- 
rial remaining  in  the  pot  was  removed  and  weighed.  It  was  found 
that  the  weight  of  juice  expressed  plus  the  residue  fell  short  of  the 
original  weight  of  material  by  about  .005  lb.  due  to  juice  remain- 
ing in  the  saucer  which  could  not  be  collected ;  in  working  out  the 
results  this  shortage  was  added  to  all  the  measurements  of  juice 
made. 

Connection  between  quantity  of  material  used  in  pressure  pot 
and  tonnage  of  cane  milled  hourly. 

In  planning  the  experiments  to  be  tried  it  was  necessary  that  the 
quantity  of  bagasse  or  of  chopped  cane  contained  in  the  pressure 
pot  should,  in  regard  to  the  area  over  which  the  pressure  was  dis- 
tributed, bear  some  relation  to  the  amount  of  cane  milled  in  actual 
practice.  A  relationship  serving  to  indicate  what  quantities  of 
material  to  use  was  obtained  on  the  following  argument.  A  78" 
mill  worked  at  a  surface  speed  of  25  feet  per  minute  describes 
23400  sq.  ins.  in  one  minute;  in  one  hour  let  100,000  lbs.  cane 
containing  12%  fiber  be  milled,  or  12,000  lbs.  fiber  per  hour, 
that  is  to  say  200  lbs.  of  fiber  per  minute  correspond  to  23,400 
sq.  in.  of  roller  surface.  The  surface  under  pressure  in  the  pot 
used  with  the  Olsen  machine  was  8.43  sq.  in.  so  that  the  quan- 
tity of  material  used  to  correspond  with  the  milling  of  100,000 
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lbs.    of    cane    with    12%    of    fiber    per    hour    would    contain 

— 23  AQQ —  =  .072  lb.  fiber. 

In  the  results  tabulated  in  the  following  pages  the  quantities  of 
material  used  are  referred  on  a  fiber  basis  to  so  many  tons  of  cane 
per  hour  the  basis  of  calculation  being  as  described  above,  that  is 
to  say  with  reference  to  a  78"  roller  moving  at  25  feet  per  min- 
ute and  to  cane  containing  12%  of  fiber. 

Pressure  at  Which  Juice  Flowed  from  Bagasse,  It  was 
thought  in  planning  these  experiments  that  observations  of  the 
pressure  at  which  juice  began  to  flow  from  bagasse  sampled 
as  it  left  one  of  the  mills  of  a  train  would  g^ve  an  indication  of 
the  pressure  to  which  bagasse  had  been  subjected  in  its  passage. 
Accordingly  bagasse  was  placed  in  the  pressure  pot  and  sub- 
jected to  a  gradually  increasing  pressure;  the  pressure  corre- 
sponding to  the  appearance  of  juice  was  noted ;  the  results  of  a 
number  of  determinations  are  given  below,  the  bagasse  in  all 
cases  coming  from  mills  78"x34". 


Bagasse 
from 
Mill. 


First 
•    ** 

it 
Second, 

Third   \ 

t  i 

(( 
It 

Fourth. 
tt 

ti 

Fifth    \ 
tt 

tt 


Load  on 

Journals — 

Pounds. 


800,000 
tt 


1 1 
tt 
tt 


860,000 

820,000 
tt 

900,000 
tt 

840,000 
tt 

798,000 
706,000 
706,000 
706,000 
856,000 
856,000 
856,000 


Percentage 

of  Fiber 

in  Bagasse. 


26.3 
33.2 
33.2 
33.2 
33.2 
35.6 
37.3 
37.3 
43.8 
43.8 
44.3 
44.3 
41.0 
40.0 
40.0 
40.0 
44.8 
44.8 
44.8 


Pressure  at 
which  Juice 

flowed — 
Lbs.  per  sq.  in. 


205 

420 

470 

530 

560 

410 

657 

870 

410 

410 

679 

710 

650 

850 

1100 

1100 

1700 

1350 

1100 


Machine 
Used. 


Wheel  press 
Olsen  machine 


ft 

1 1 

1 1 


1 1 
tt 
tt 


Wheel  press 

Olsen  machine 
tt  ti 

Wheel  press 


( t 


1 1 


Olsen  machine 

1 1  it 


1 1 
i  I 
tt 
t  i 
it 
ti 
1 1 


it 

1 1 
1 1 
1 1 
1 1 
1 1 
i  t 


Examination  of  the  results  tabulated  above  show  so  many 
irregularities  that  no  conclusion  can  be  drawn  therefrom,  and 
the  pressure  at  which  juice  begins  to  flow  from  the  bagasse  con- 
tained in  the  pressure  pot  is  evidently  only  connected  in  the  most 
indirect  way  with  the  pressure  to  which  the  material  has  been 


12 


subjected,  as  the  following  calculations  will  show.      In  the  case 
of  a  34"x78"  mill  let  the  apical  angle  (Fig.  8)  be  82°  and  let  a 

load  of  8-K),000  lbs.  be  applied 
to  the  hydraulic;  then  the  re- 
sultant pressure  along  the  line 
a  c  is  840,000  cos  41°  =  633,948 
lbs.  Suppose  that  the  pressure 
to  which  the  bagasse  has  been 
subjected  is  the  same  as  that 
at  which  juice  begins  to  flow 
and  let  this  pressure  be  679 
lbs.  per  sq.  in. ;  then  the 
area  over  which  the  hydraul- 
ic load  of  633,948  lbs.  must 
be     distributed     to     give     this 

or  920  sq.  in. ;  the  length  of  the  strip  of  bagasse 


Fig.  8 
633948 


pressure  is  — g=g- 

in  the  mill  is  78  inches  so  that  on  this  reasoning  the  width  of 

920 
the  strip  of  bagasse  would  be   ^g   =  11.8  inches,  a  result  mani- 
festly without  application  unless  it  were  to  show  that  only  a  very 
small  portion  of  the  pressure  were  effectively  utilized. 

The  first  objection  that  can  be  opposed  to  any  connection  be- 
tween pressure  on  rollers  and  pressure  at  which  juice  begins  to 
flow  existing  is  that  no  account  is  taken  of  reabsorption  of  juice 
taking  place  after  the  bagasse  has  passed  the  point  of  maximum 
pressure  between  the  rollers ;  further  experiments  showed  in  addi- 
tion that  any  connection  that  might  exist  was  extremely  vague 
since  it  was  observed  that  chopped  cane  might  be  pressed  in  the 
pressure  pot  and  up  to  70%  of  juice  extracted  at  a  pressure  of 
4740  lbs.  per  sq.  in. ;  if  this  pressed  cake  of  material  were  taken 
out,  opened  up  and  again  pressed  a  flow  of  juice  was  obtained  at  a 
much  lower  pressure  than  that  to  which  the  material  had  already- 
been  subjected.  Experiments  made  on  this  point  showed  that 
chopped  cane  which  had  been  pressed  up  to  a  pressure  of  4740 
lbs.  per  sq.  in.  would  on  pressure  a  second  time  give  a  flow  of 
juice  at  pressure  varying  from  1000  to  1500  lbs.  per  sq.  in.  The 
effect  of  repeated  pressings  not  being  without  interest  a  series  of 
experiments  were  made  on  this  point. 

Effect  of  repeated  pressings.  In  the  previous  section  it  was 
mentioned  that  chopped  cane  when  subjected  to  great  pressure 
and  when  again  pressed  after  removal  from  the  pressure  pot,  gave 
a  further  supply  of  juice,  the  flow  of  juice  beginning  at  a  much 
lower  pressure  than  that  to  which  the  material  had  already  been 
subjected.     Experiments  were  made  along  these  lines  as  follows: 
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Chopped  cane  weighing  .882  lbs.  was  placed  in  the  pressure  pot 
used  in  the  Olsen  machine ;  the  cane  used  in  these  experiments 
contained  12.0%  of  fiber  so  that  the  .882  lbs.  correspond  to 
147,000  lbs.  of  cane  per  hour  in  a  78"  mill.  This  weight  of  ma- 
terial was  then  pressed  to  a  pressure  of  4740  lbs.  per  sq.  in. ; 
after  the  juice  had  ceased  to  flow  the  wad  of  bagasse  was  re- 
moved from  the  pot  and  weighed;  the  loss  in  weight  was  taken 
as  the  amount  of  juice  expressed.  The  residue  was  then  broken 
up  by  gently  rubbing  between  the  hands,  replaced  in  the  pot  and 
again  pressed  to  4740  lbs.  per  sq.  in. ;  a  second  flow  of  juice 
took  place,  the  amount  of  which  was  determined  as  before ;  these 
pressings  were  made  in  all  five  times  and  it  was  observed  that  at 
the  fifth  pressing  no  further  flow  of  juice  took  place. 

The  chopped  cane  used  was  of  five  degrees  of  fineness  varying 
from  a  fine  meal  to  pieces  of  about  %.  inch  cube ;  the  results  are 
given  in  the  following  table,  the  results  with  the  coarsest  ma- 
terial being  tabulated  at  the  left,  thence  towards  the  right  as  the 
degree  of  fineness  increases : 

ALL  PRESSURES  AT  4740  LBS  PER  SQ.  IN. 


Juice    obtaine 
%    on  origin; 
subject    

Total    pe 
age  obtaii 

Juice    obt 
%    on    or 
subject  . . . 

Total     pe 
age  obtain 

Juice    obt 
%    on    or 
subject . . . 

Total     pe 
age  obtain 

Juice    obt 
%    on    or 
subject  . . . 

Total     pe 
age  obtain 

Juice    obt 
%   on    or 
weight  . . . 

Total     pe 
age  obtain 

rcen 
tied. 

.     2  fD 

rcen 
ed. 

•    <=S.3- 

rcen 
ed  . 

rcen 
ed.. 

5  (i 

rcen 
ed.. 

.      ^Q. 

•        1 

58.3 

.    E-Q. 

59.0 

:  ».S. 

•            1 

•    SLc 

.    ft- 

•    % 

slS. 

•        I 

First  pres. 

58.3 

59.0 

62.3 

62.3 

64.0 

64.0 

64.4 

64.4 

Second  *' 

8  5 

66.8 

8.8 

67.8 

8.8 

71.1 

9.9 

73.9 

12.0 

76.4 

Third     ** 

5.8 

72.6 

6.0 

74.8 

3.9 

75.0 

4.7 

78.9 

2.6 

79.0 

Fourth     * 

2.8 

75.4 

2  4 

76.2 

2.0 

77.0 

1.6 

80.2 

2.0 

81.0 

The  continual  expression  of  juice  at  constant  pressure  can  be 
readily  understood  on  the  idea  that  the  solid  particles  form  them- 
selves into  ''cells''  forming  spaces  occupied  by  juice  which  is  not 
then  subjected  to  pressure  and  has  no  tendency  to  be  expressed. 
The  increase  in  amount  of  juice  expressed  at  the  same  pressure 
with  rearrangement  of  the  material  is  very  remarkable  and  may, 
perhaps,  be  used  as  an  argument  of  multiple  pressing  at  lower 
pressures  as  a  more  eflfective  scheme  for  obtaining  the  juice  than 
a  less  number  at  higher  pressures.  In  stepping,  however,  from 
experiments  made  in  a  small  pot  to  a  factory  equipment  consider- 
able conservatism  must  be  allowed  and  a  reason  is  at  once  ap- 
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parent  why  so  great  an  increase  in  the  quantity  of  juice  ex- 
pressed with  multiple  pressings  at  the  same  pressure  would  not 
obtain  in  factory  conditions.  In  these  experiments  the  pressure 
is  static  and  the  material  under  pressure  is  stationary ;  in  a  mill 
this  pressure  is  a  rolling  one  and  hence  the  material  under  pres- 
sure is  constantly  being  rearranged. 

Referring  to  the  table  given  above  it  will  be  seen  that  the  same 
quantity  of  material  under  different  conditions  but  under  one  uni- 
form pressure  afforded  an  expression  of  juice  varying  from  a 
minimum  of  58.3%  to  a  maximum  of  81.0%,  the  varying  factors 
being  fineness  of  material  and  number  of  pressings ;  these  results 
show  that  there  can  be  none  but  the  vaguest  connection  between 
pressures  and  amount  of  juice  extracted  and  also  show  the  diffi- 
culty of  finding  a  basis  upon  which  to  compare  the  results  of 
different  mills.  In  a  subsequent  section  (page  25)  are  given 
results  showing  the  amount  of  juice  obtained  from  finely  chopped 
cane  when  pressed  up  to  a  pressure  of  11940  lbs.  per  sq.  in.;  the 
cane  used  in  that  experiment  was  of  the  same  percentage  of  fiber 
and  same  degree  of  fineness  as  the  finest  in  the  experiment 
described  in  the  present  section.  On  referring  to  that  experi- 
ment (page  25)  it  will  be  seen  that  64.6%  of  juice  was  obtained 
with  a  pressure  of  4775  lbs.  per  sq.  in. ;  increasing  the  pressure 
up  11960  lbs.  only  gave  67.6%  of  juice,  while  a  single  rearrange- 
ment of  the  material  after  pressing  to  4740  lbs.  and  again  press- 
ing afforded  76.4%  of  juice,  while  on  the  fourth  pressing  81.0% 
was  obtained  in  all.  This  experiment  would  tend  to  show  that  re- 
peated pressings  are  of  much  more  importance  than  a  single 
pressing  at  enormously  increased  pressures;  to  have  obtained 
81%  of  juice  in  one  pressing  would  have  required  an  enormous 
pressure. 

Effect  of  fineness  of  division  on  amount  of  juice  expressed. 
The  more  finely  a  material  is  divided  the  greater  is  the  total  area 
of  the  surface  of  the  pieces  into  which  it  has  been  divided;  a 
finely  divided  material  will  then  absorb  and  hold  by  capillary 
attraction  a  greater  weight  of  liquid  than  the  same  weight  of  one 
which  has  not  been  so  finely  divided.  This  argument  has  been 
used  in  opposition  to  the  schemes  employing  crushers  and  heavily 
grooved  rollers  which  tear  up  and  shred  the  cane ;  it  was  accord- 
ingly thought  worth  while  to  press  under  uniform  conditions  of 
pressure  the  same  weight  of  material  in  different  degrees  of  fine- 
ness. This  experiment  was  performed  in  conjunction  with  that 
described  in  the  immediately  preceding  section  dealing  with  the 
effect  of  repeated  pressings ;  on  reference  to  the  table  on  page  13 
it  will  be  seen  that  as  the  degree  of  fineness  of  the  chopped  cane 
increases  so  also  does  the  amount  of  juice  expressed;  for  ex- 
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ample,  where  with  a  single  pressing  the  coarsest  material  afforded 
58.3%  of  juice,  the  most  finely  divided  material  gave  64.4%.  It 
would  appear  then  from  the  results  of  this  experiment  that  not 
only  is  fineness  of  division  not  objectionable  but  that  it  is  attended 
by  very  considerable  benefit,  and  in  addition  there  can  be  no  pos- 
sible question  as  to  the  utility  of  fine  division  and  large  surface 
in  connection  with  the  absorption  and  efficient  utilization  of 
water  and  dilute  juices  added  to  the  maceration  process. 

Effect  of  thickness  of  layer  of  material  on  amount  of  juice  ex- 
pressed. Since  the  material  under  pressure  in  any  series  of  these 
experiments  was  contained  in  the  same  pot  varying  the  weight 
of  material  will  also  vary  in  direct  proportion  to  the  weight  the 
thickness  of  the  layer  of  material  under  pressure.  One  of  the 
questions  in  regard  to  the  working  of  milling  plants  which  has 
been  discussed  most  frequently  in  the  past  and  which  still  re- 
mains a  subject  for  argument  is  the  advantages  of  thick  and  thin 
feeds;  actually  the  tendency  during  the  last  fifteen  years  or  so 
has  been  towards  a  greater  surface  speed  of  the  rollers  whereby 
the  thickness  of  the  layer  of  material  under  pressure  is  diminished, 
the  weight  of  material  treated  however  remaining  the  same. 
Conversely,  if  the  speed  of  the  rollers  remains  the  same  an  in- 
crease in  the  amount  of  material  treated  would  give  a  thicker 
layer  of  bagasse  under  pressure ;  hence  experiments  dealing  with 
the  amount  of  juice  obtained  with  variation  in  the  weight  of  ma- 
terial under  pressure  might  be  applied  as  bearing  on  both  these 
problems.  Accordingly  the  amount  of  juice  obtained  from  dif- 
ferent amounts  of  chopped  cane  and  of  bagasse  under  a  constant 
pressure  was  experimentally  determined.  In  this  experiment 
the  Olsen  machine  was  used,  the  weight  of  chopped  cane  con- 
taining 12%  fiber  varied  from  .220  lb.  to  1.763  lb.,  which  in  the 
pressure  pot  used  with  the  Olson  machine  would  (page  20)  corre- 
spond to  a  tonnage  of  cane  varying  from  30,500  to  244,000  lbs. 
per  hour  at  a  surface  speed  of  25  feet  per  minute  in  a  78"  mill. 
The  pressure  in  all  cases  was  4740  lbs.  per  sq.  in.  and  the  results 
obtained  are  as  in  the  following  table : 


Equivalent  in 

lbs.  per  hour  in 

Percentage  of  Juice 

Weight  of 

78"  mill  at  a  sur- 

Obtained. 

Cane — Lbs, 

face  speed  of  25 

ft.  per  min. 

I.                            II. 

1.763 

244,000 

63.40 

62.90 

1.323 

184,000 

65.75 

63.75 

.881 

122,000 

68.50 

67.60 

.440 

61,000 

69.50 

68.70 

.220 

30,500 

74.00 

70.00 
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In  these  experiments  then  a  decrease  in  the  thickness  of  the 
layer  of  material  under  pressure  is  accompanied  by  an  increase 
in  the  amount  of  juice  extracted ;  the  limits  of  this  experiment 
overlap  very  much  indeed  the  variation  in  amount  of  cane  which 
would  ever  be  treated  in  one  mill,  but  probably  the  variation  in 
extraction  due  to  a  variation  in  surface  speed  of  the  rollers  from 
20  to  25  feet  per  minute  or  a  variation  of  20%  in  the  amount 
of  cane  treated  would  be  small  but  still  appreciable,  provided  that 
the  analogy  between  these  experiments  and  the  process  of  milling 
is  sufficient  to  allow  of  this  deduction. 

This  experiment  was  repeated  with  bagasse  exactly  as  it  was 
delivered  from  each  one  of  a  train  of  five  mills ;  the  result  of  the 
experiment  is  given  below.  In  this  experiment  the  percentage  of 
fiber  in  the  material  under  experiment  was  not  determined  so 
that  the  equivalent  tonnage  of  cane  per  ton  cannot  be  calculated ; 
however,  as  the  first  mill  bagasse  would  contain  about  30%  of  fiber 
and  the  fourth  and  fifth  mill  material  about  45%  of  fiber  the 
quantities  used  would  correspond  to  a  minimum  of  about  50,000 
lbs.  cane  per  hour  to  a  maximum  of  about  275,000  lbs.  per  hour. 
As  before  the  pressure  used  was  4740  lbs.  per  sq.  in. 


Weight  of 
Bagasse — Lbs. 

Percentage  of  Juice  Obtained. 

MiU  I 

Mill  II    (   Mill  ITT  I   Mill  IV    i    Mill  V 

.441 
.331 

.220 
.110 

20.50 
25.00 
27.50 
31.00 

21.25 
21.90 
22.50 
26.00 

16.00 
18.00 
20.50 
25.60 

9.00               8.15 
11.33      1       10.00 
12.50             11.50 
14.00             14.00 

As  with  the  chopped  cane  decrease  in  weight  of  material  corre- 
sponding with  an  increase  in  speed  or  decrease  in  tonnage  worked 
gives  a  regularly  increasing  amount  of  juice. 

In  addition  to  the  bearing,  if  any,  of  this  experiment  on  surface 
speed  and  tonnage  worked  in  unit  time,  it  may  be  also  correlated 
with  fiber  in  cane,  for  with  an  increase  in  the  fiber  in  cane  the 
thickness  of  the  layer  of  bagasse  passing  between  the  rollers  will 
also  be  increased. 

Although  the  results  of  these  experiments  point  to  a  benefit  to 
be  obtained  the  use  of  thin  layers  of  material  it  is  not  pretended 
that  they  are  by  any  means  conclusive,  for  between  the  conditions 
of  the  experiment  and  those  obtaining  in  actual  practice  a  wide 
difference  exists. 

The  volume  occupied  by  bagasse  at  high  pressure.  A 
large  number  of  experiments  to  determine  the  relation  be- 
tween the  volume  occupied  by  cane  fiber  under  pressure  reaching 
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tip  to  11940  lbs.  per  sq.  in.  were  made;  in  all  of  the  experiments 
made  with  bagasse  it  was  found  that  the  following  relation  held 
for  pressures  of  500  lbs.  per  sq.  in.  and  over : 

''The  volume  of  cane  fiber  (or  bagasse)  varies  inversely  as  the 
fifth  root  of  the  presure"  or  symbolically  R.  P-^  =  C  where  R  is 
the  volume  of  the  residue  *  and  P  is  the  pressure.  Since  the 
experiments  were  performed  in  cylinders,  H  may  be  substituted 
for  R  where  H  is  the  height  of  the  column  of  bagasse  under  prts- 
sure;  whence  H  P-^  =  K;  raising  this  equation  to  the  fifth 
power  it  appears  H^  P  =  M  in  which  form  it  is  most  suited  for 
calculation. 

It  will  appear  that  this  relation  is  of  great  importance  in  de- 
veloping the  action  of  the  rollers  upon  bagasse  and  accordingly 
the  experiments  from  which  this  relation  is  obtained  are  described 
in  some  detail.  In  the  data  presented  in  the  tables  below  the 
pressure  is  given  in  pounds  per  sq.  in.  and  is  denoted  by  P ;  the 
height  of  the  column  of  bagasse  is  given  in  lineal  inches  and  is 
denoted  by  H.  In  the  tables  below  I  give  values  of  H  P-^  and 
H^  P.  The  first  experiments  were  made  in  the  wheel  press  with 
the  improvised  apparatus  mentioned  on  page  8.  These  experi- 
ments were  regarded  as  of  the  nature  of  a  preliminary  experi- 
ment and  gave  results  as  follows: 

.88  LB.  BAGASSE  FROM  MILL  I. 


Pressure  Lbs. 
per  sq.  in. — P. 

Height  of 
Column.  Ins.  H. 

H  P.2 

H5  P 

1025 
2050 
4100 
8200 

1.00 
.85 
.70 
.62 

4.00 
3.92 
3.70 
3.75 

1025 
910 
690 
750 

.88  LB.  BAGASSE  FROM  MILL  IL 


1025 

1.29 

2050 

1.12 

4100 

1.00 

8200 

.89 

5.16 

3660 

5.15 

3620 

5.28 

4100 

5.40 

4580 

.88  LB.  BAGASSE  FROM  MILL  III. 


1025 

1.32 

2050 

1.12 

4100 

1.00 

8200 

.85 

5.27 

4060 

5.15 

3620 

5.28 

4100 

5.15 

3620 

With  the  Olsen  machine  the  following  results  were  obtained: 


*  All  theBe  experiments  with  bagasse  were  made  under  such  conditions  that 
any  juice  expressed  could  freely  flow  away;  the  residue  consists  of  fiber  and  juice; 
the  Tolume  occupied  by  the  juice  in  the  residue  is  of  no  account  for  it  simply  fills 
Interstitital  spaces  formed  between  the  particles  of  fiber. 
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.441  LB.  BAGASSE  FBOM  MILL  I. 


416 

1.39 

4.68 

2170 

1190 

1.14 

4.71 

2330 

1780 

1.07 

4.78 

2500 

2370 

1.01 

4.77 

2470 

2970 

.96 

4.83 

2640 

3560 

.91 

4.67 

2220 

4160 

.88 

4.65 

2170 

4750 

.85 

4.63 

2110 

.330  LB.  BAGASSE  FROM  MILL  I. 


Pressure  Lbs. 

Height  of    [ 

per  sq.  m.^ 

=P. 

Oolumn.  In8.=H. 

475 

1.02 

1190 

.79 

1780 

.73 

2370 

.69 

2970 

.66 

3360 

.63 

4160 

.61 

4750 

.60      i 

H5  P 


3.49 
3.25 
3.26 
3.26 
3.26 
3.23 
3.23 
3.26 


518 
363 
368 
368 
368 
330 
330 
368 


.330  LB.  BAGASSE  FROM  MILL  II. 


654 

.97 

3.55 

560 

1190 

.82 

3.38 

440 

1780 

.74 

3.31 

399 

2370 

.71 

3.36 

428 

2970 

.68 

3.38 

440 

3560 

.66 

3.39 

446 

4160 

.64 

3.39 

446 

4750 

.63 

3.43 

466 

.441  LB.  BAGASSE  FROM  MILL  IH. 


654 

1.39 

5.09 

3400 

1190 

1.16 

4.78 

2500 

1780 

1.05 

4.70 

2300 

2370 

.99 

4.68 

2240 

2970 

.96 

4.75 

2420 

3560 

.93 

4.77 

2470 

4160 

.91 

4.81 

2590 

4750 

.88 

4.79 

2530 

.441  LB.  BAGASSE  FROM  MILL  IV. 


1190 

1.32 

1780 

1.22 

2370 

1.13 

2970 

1.11 

3560 

1.05 

4160 

1.02 

4750 

1.01 

5.42 

4690 

5.40 

4600 

5.35 

4390 

5.45 

4810 

5.41 

4640 

5.40 

4600 

5.50 

5170 

19 


.220  LB.  BAGASSE  FBOM  MILL  V. 


1190 

.58 

2.39 

78.1 

1780 

.55 

2.56 

110.0 

2370 

.53 

2.51 

99.5 

2970 

.50 

2.47 

91.7 

3560 

.48 

2.46 

90.4 

4160 

.47 

2.49 

96.0 

4750 

.46 

2.45 

88.5 

On  examination  of  the  results  tabulated  above  it  will  be  seen 
that  the  expression  H  P-^  tends  to  remain  constant  and  that 
there  is  no  evidence  of  a  definite  increase  or  decrease  in  the  value 
with  increase  of  pressure  but  that  the  value  of  H  P-^  oscillates 
above  and  below  a  mean  value;  the  variations  from  constancy 
are  to  be  attributed  to  experimental  error.  At  first  sight  there 
appears  to  be  a  large  variation  in  the  values  of  H^  P;  the  two 
expressions,  being  however,  different  forms  of  the  same  law,  the 
variation  from  constancy  is  the  same  in  both  cases ;  the  measure- 
ment of  the  height  of  the  column  of  bagasse  was  attended  with 
considerable  difficulty  and  in  one  case  the  error  is  less  apparently 
owing  to  the  fifth  root  of  the  observation  entering  into  the  calcula- 
tion, while  in  the  other  case  the  fifth  power  is  used  in  obtaining 
the  constant.  In  these  experiments,  which  were  made  before 
the  analysis  given  subsequently  had  been  made,  no  determination 
of  the  fiber  in  the  material  under  investigation  was  made.  It  was 
apparent  on  studying  these  results  that  in  order  to  apply  them  to 
definite  calculations,  they  must  be  referred  to  some  definite  fiber 
basis,  introducing  at  the  same  time  the  size  and  surface  speed  of 
the  mill  rollers ;  the  method  of  calculation  is  given  on  page  8. 

I  accordingly  made  further  experiments,  employing  in  these  the 
Riehle  machine  and  taking  quantities  of  bagasse  such  that  the 
fiber  therein  contained  represented  that  contained  in  80,000, 
100,000,  120,000  lbs.  of  cane  with  12%  fiber  in  a  78"  mill  run  at 
25  ft.  per  minute.  The  material  in  these  experiments  was  ob- 
tained by  passing  cane  repeatedly  through  a  hand  mill ;  it  was  of 
a  texture  intermediate  between  that  coming  from  a  second  or 
third  mill  of  a  train. 

The  results  of  the  experiments  are  given  in  the  tables  below; 
those  of  the  one  with  .397  lb.  bagasse  being  plotted  as  a  curve  in 
Fig.  9.  Examination  of  these  results  show  that  the  law  already 
obtained  holds  equally  well  up  to  pressures  of  12000  lbs.  per  sq.  jn. 

As  this  law,  namely  that  at  pressures  above  500  lbs.  per  sq.  in. 
the  volume  of  cane  fiber  varies  inversely  as  the  fifth  root  of  the 
pressure  has  been  verified  in  three  different  machines  and  with 
different  quantities  of  material  of  different  origin  it  will  be  used 
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subsequently  as  a  basis  for  making  an  analysis  of  the  action  of 
the  rollers  on  crushed  cane. 

.397  lbs.  bagasse  corresponding  to  120,000  lbs.  of  12%  fiber  cane  per 
hour  in  78"  mill  at  a  surface  speed  of  25  ft.  per  minute. 


Pressure  Lbs. 
per  sq.  in. — P. 

Height 
Inches^H. 

H  P.2 

H5  P 

31 

1.79 

3.97 

983 

83 

1.10 

2.65 

131 

162 

.845 

2.37      1 

73.7 

321 

.67 

2.12      : 

43.0 

480 

.53 

1.85 

21.7 

640 

.52 

1.90 

24.7 

703 

.50 

1.89       1 

24.2 

1193 

.465 

1.90 

24.7 

1595 

.42 

1.84 

21.1 

2390 

.39 

1.85 

21.7 

3187 

.37 

1.86 

22.3 

3972 

.36 

1.82       ! 

19.9 

4778 

.35 

1.91 

23.2 

5574 

.34 

1.90 

24.7 

6369 

.33 

1.91 

25.2 

7166 

.32 

1.89 

24.2 

7980 

.315 

1.90 

24.7 

8757 

.31 

1.91 

25.2 

10347 

.305 

1.93 

26.5 

11940 

.30 
se  corresponding  t 

1.97 

29.7 

.331  lbs.  bagae 

0  100,000  lbs.  of  1 

2%  fiber  cane  per 

hour  in  78"  mill  i 

it  a  surface  speed  < 

)f  25  ft.  per  minute 

1 

Pressure  Lbs. 

Height 

.per  sq.  in. — P. 

Inche8=H. 

H  P.2 

H5  P 

42 

1.39 

2.96 

227 

83 

.935 

2.25 

;       58 

162 

.71 

1.97 

29.7 

321 

.575 

1.80 

18.9 

558 

.47 

1.67 

13.0 

800 

.42 

1.63 

11.7 

1193 

.37 

1.53 

8.4 

1595 

.34 

1.48 

7.1 

2390 

.32 

1.53 

8.4 

3187 

.305 

1.52 

8.1 

3972 

.29 

1.52 

8.1 

5190 

.28 

1.51 

7.9 

6369 

.275 

1.59 

10.2 

7980 

.26 

1.57 

9.5 

10000 

.25 

1.57 

9.5 

11940 

I       .24 

1.59 

10.2 
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.264  lbs.  bagasse  corresponding  to  80,000  lbs.  of  12%  fiber  cane  per 
hour  in  78"  mill  at  a  surface  speed  of  25  ft.  per  minute. 


Pressure  Lbs. 

Height 

per  sq.  in.=P. 

Inche8=H. 

H  P.2 

H5  P 

102 

.74 

1.86 

22.3 

181 

.56 

1.59 

10.2 

340 

.44 

1.41 

5.6 

659 

.55 

1.29 

3.6 

1000 

.30 

1.19 

2.4 

1455 

.27 

1.15 

2.0 

2014 

.25 

1.15 

2.0 

3206 

.24 

1.21 

2.6 

4797 

.225 

1.22 

2.7 

6388 

.215 

1.22 

2.7 

7980 

.210 

1.24 

2.9 

9978 

.205 

1.30 

3.7 

11940 

.200 

1.29 

3.6 

The  Relation  Between  Pressure  and  Quantity  of  Juice  Expressed. 

As  the  establishment  of  a  relation  connecting  these  two  quanti- 
ties may  be  considered  of  fundamental  importance  in  the  design 
and  operation  of  the  mills  used  for  extracting  juice  from  canes 
some  experiments  were  made  to  attempt  to  find  some  relation  or 
law  connecting  these  two  quantities.  The  experiments  were  made 
with  the  Riehle  machine  and  were  conducted  with  finely  chopped 
cane.  The  pressures  used  reached  up  to  11940  lbs.  per  sq.  in.; 
at  various  intermediate  pressures  the  quantity  of  juice  expressed 
was  measured,  simultaneous  readings  being  made  of  the  volume 
of  the  residue  in  the  pressure  pot.  A  number  of  experiments 
were  made,  the  results  of  three  of  which  are  given  in  the  fol- 
lowing tables  wherein  are  tabulated  the  pressures  in  lbs.  per  sq. 
in.,  the  volume  of  expressed  juice  and  of  residue  in  c.  ins. ;  the 
sum  of  these  last  two  quantities;  the  weight  of  juice  expressed 
per  cent,  on  material  used ;  the  fifth  root  of  the  pressure  and  the 
product  of  the  volume  of  the  residue  and  the  fifth  root  of  the 
pressure.  In  Fig.  10  is  given  the  curve  connecting  the  weight 
of  juice  expressed,  the  pressures  being  plotted  along  the  hori- 
zontal and  weights  of  juice  per  cent,  on  material  employed  along 
the  vertical  axis ;  the  data  used  in  following  this  curve  are  those 
tabulated  in  the  first  table  following.  It  will  be  observed  that 
with  the  high  pressures  that  the  sum  of  the  volumes  of  juice  ex- 
pressed and  of  residue  remain  constant ;  that  is  to  say,  every  de- 
crease in  volume  of  the  material  contained  in  the  pressure  pot  is 
accompanied  by  an  outflow  of  juice  of  exactly  the  same  volume. 
That  is  to  say,  the  material  contained  in  the  pot  may  be  regarded 
as  made  of  solid  (fiber)  immersed  in  a  liquid  (juice)  the  inter- 
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stitial  spaces  between  the  particles  of  fiber  being  completely  filled 
with  liquid  and  hence  the  expression  of  juice  is  due  entirely  to 
the  closer  packing  of  the  solid  particles  under  the  increase  in  pres- 
sure, that  is  to  say,  to  a  decrease  in  the  apparent  volume  of  the 
solid  particles. 

In  the  previous  section  it  was  shown  that  the  relation  R.  P-^  = 
constant  where  R  is  the  volume  of  cane  fiber  and  P  the  pressure 
under  which  the  cane  fiber  occupies  the  volume  R  held.  On  in- 
spection of  the  results  obtained  with  chopped  cane  given  in  the 
tables  on  page  35  it  will  be  seen  that  it  is  only  with  the  very 
highest  pressures  that  the  relation  tends  to  become  constant  and 
that  there  is  a  general  increase  in  the  product  R  P-^  as  the  pres- 
sure increases;  this  would  imply  that  at  lower  pressures  when 
dealing  with  chopped  cane  the  exponent  in  the  equation  R  P*  = 
constant  is  not  actually  a  constant  but  increases  slowly  as  the 
pressure  increases;  to  determine  in  what  manner  the  exponent 
varied  with  the  pressure  I  took  the  last  values  obtained  in  the 
table  on  page  25,  namely  P  =  1 1940,  R  =  23.5 ;  at  this  point 
R  P-2  =  I54j  taking  this  value  as  the  constant  I  then  calcu- 
lated the  value  of  x  in  the  equation  R  P'^  =  154  for  values  of 
R  and  P  for  R  =  30.8  and  P  =  1000.  As  a  result  of  the  calcu- 
lation x  is  found  to  be  .233  when  R  =  30.8  and  P  =  1000;  as 
the  pressure  increases  there  is  a  gradual  decrease  in  the  valve 
of  X  until  the  region  of  pressure  of  the  order  8000  lbs.  per  sq.  in. 
or  over  is  reached  when  x  is  found  to  be  very  close  to  .2;  as  an 
approximation  this  relation  results : 

.2  +  [3  X  10—6  (12000  —  P] 

R  P  =  constant 

and  this  holds  for  values  of  P  lying  between  1000  and 
12000.  It  has  however,  been  already  shown  that  when 
dealing  with  bagasse  the  simple  relation  V  P-^  =  constant  holds 
and  with  small  error  this  relation  holds  with  crushed  cane  when 
P  =  6000  or  over ;  and  in  no  case  does  the  value  of  the  exponent 
vary  much  from  .2 ;  it  would  then  be  sufficient  to  take  the  volume 
of  fiber  as  inversely  proportional  to  the  fifth  root  of  the  pressure. 
When  dealing  with  chopped  cane  it  was  found  that  the  sum  of 
the  volume  of  the  residue  and  expressed  juice  was  a  constant  or 
symbolically  J  -|-  R  =  C  whence  R  =  C  —  J.  The  following 
equation  connecting  the  juice  expressed  with  pressure  then  re- 
sults : 

(C  — J)  P.2  =  constant 

The  relation  between  quantity  of  juice  expressed  and  pressure 
can,  however,  be  approximately  expressed  with  the  use  of  only 
one  constant ;  the  juice  expressed  increases  directly  with  some 
function  of  the  pressure ;  if  this  function  be  some  root  then  since 
the  increase  in  the  volume  of  the  juice  is  the  same  as  the  decrease 
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in  the  volume  of  the  residue  and  since  at  high  pressure  as  the 
volume  of  the  juice  is  greater  than  the  volume  of  the  residue  this 
root  must  be  smaller  than  the  fifth  which  was  found  to  hold  in 
the  expression  H  P-2  =  constant.  By  trial  and  error  it  was 
found  that  for  pressures  above  1000  lbs.  per  sq.  in.  the  expression 

—      increased  very  slowly,  that  is  to  say  the  volume  of  the  juice 

p.083 

expressed  at  high  pressures  is  approximately  proportionate  to  the 

J 
twelfth  root  of  the  pressure ;  values  of  —        and  given  in  the 

*^  p.083 

last  column  in  the  table  on  page  25. 

An  exponent  varying  with  P  can  be  introduced  as  was  done 
when  expressing  the  relation  between  R  and  P  when  it  will  be 
found  for  pressures  over  1000  lbs.  per  sq.  in.  the  following  rela- 
tion holds: 

J  P— .083  —  [.9  X  10-«  ( 12000  — P)]=  C 

Volume  and  Weight  of  Juice  and  Volume  of  Residue  Obtained  on 
Pressing  3.410  lbs.  Chopped  Cane  up  to  11940  lbs.  per  sq.  in. 


Pressure 

Volume  t)f 

Weight  of 

Volume  of 

Lbs.  per 

Juice  C. 

Juice  % 

Residue 

J  +  R 

R  P.2 

JP— .083 

sq.  in.=P. 

in. — J. 

on  Cane. 

C.  in.— R. 

68 

13.2 

14.8 

75.5 

88.7 

176 

•  •  • 

83 

13.1 

20.3 

70.0 

88.1 

169 

•  •  ■ 

104 

23.7 

26.5 

63.4 

87.1 

160 

•  •  • 

123 

26.6 

29.8 

60.2 

86.8 

158 

•  •  • 

162 

31.5 

35.2 

54.1 

85.6 

150 

•  •  • 

203 

34.1 

38.1 

50.9 

85.0 

147 

•  «  • 

242 

36.6 

41.0 

47.6 

84.2 

143 

•  •  • 

321 

41.0 

45.9 

42.6 

83.7 

135 

•  •  • 

406 

43.7 

50.9 

40.1 

83.8 

133 

•  •  • 

480 

46.0 

51.5 

37.1 

83.0 

130 

•  •  • 

640 

49.6 

55.9 

33.5 

83.2 

122 

•  •  • 

800 

51.3 

57.4 

32.1 

83.3 

122 

■  •  ■ 

1000 

53.3 

58.6 

30.8 

84.1 

122 

32.9 

1193 

53.7 

60.1 

29.8 

83.4 

122 

33.4 

1595 

54.9 

61.4 

28.6 

83.5 

125 

33.2 

1993 

55.5 

62.1 

28.2 

83.7 

129 

33.0 

2390 

56.2 

62.9 

27.6 

83.8 

131 

32.9 

3187 

56.5 

63.3 

27.1 

83.6 

136 

32.3 

3972 

57,2 

64.0 

26.6 

83.8 

140 

32.1 

4778 

57.6 

64.5 

26.2 

83.9 

142 

31.8 

5574 

57.8 

64.7 

26.0 

83.7 

146 

31.5 

6369 

58.0 

64.9 

25.7 

83.7 

148 

31.4 

7166 

58.3 

65.3 

25.5 

83.8 

150 

31.2 

7959 

58.4 

65.4 

25.2 

83.7 

151 

31.0 

8757 

58.9 

65.9 

24.9 

83.7 

153 

35.9 

9555 

59.0 

66.1 

24.5 

83.5 

153 

30.8 

10747 

59.6 

66.7 

24.0 

83.5 

154 

30.5 

11145 

60.0 

67.1 

23.7 

83.7 

153 

30.9 

11940 

60.2 

67.3 

23.5 

83.7 

152 

30.8 
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Volume   and  Weight   of  Juice   and   Volume  of   Residue   Obtained   on 
Pressing  2.645  lbs.  Chopped  Cane  up  to  11940  lbs.  per  sq.  in. 


Pressure 

Volume  t)f 

Weight  of 

Volume  of 

Lbs.  per 

Juice  C. 

Juice  % 

Residue 

J  +  R 

R  P-2 

JP— .083 

sq.  in. — P. 

in.=jr. 

on  Cane. 

C.  in.=R. 

1595 

42.4 

62.9 

20.5 

62.9 

89 

34.0 

2390 

44.2 

65.6 

18.6 

62.8 

88 

34.3 

3187 

45.1 

67.0 

17.9 

63.0 

90 

34.2 

3972 

•  •  •  • 

•  •  • 

17.5 

•  •  • 

90 

•  •  • 

4778 

•  ■  •  • 

•  •  • 

17.0 

•  •  • 

93 

•  •  • 

5574 

47.3 

70.1 

16.7 

64.0 

94 

34.2 

6369 

•  •  •  • 

•  ■  • 

16.5 

■  •  • 

95 

... 

7166 

47.7 

70.7 

16.2 

63.9 

96 

33.8 

7601 

•  •  •  • 

•  ■  ■ 

16.0 

•  •  • 

96 

*  •  • 

8757 

•  •  •  • 

•  •  • 

15.8 

•  •  • 

97 

•  •  • 

9555 

48.2 

71.6 

15.7 

64.0 

98 

33.6 

10747 

•  ■  •  • 

•  •  • 

15.5 

•  •  • 

99 

•  •  • 

11145 

■  •  •  • 

•  •  • 

15.3 

■  ■  • 

99 

■  •  • 

11940 

48.7 

72.4 

15.2 

63.9 

99 

33.1 

Volume  and   Weight   of  Juice   and  Volume   of  Residue  Obtained   on 
Pressing  3.30  lbs.  Chopped  Cane  up  to  11940  lbs.  per  sq.  in. 


Pressure 

Volume  t)f 

Weight  of 

Volume  of 

Lbs.  per 

Juice  C. 

Juice  % 

Residue 

J  +  R 

R  P.2 

JP— .e83 

sq.  in.=P. 

in.=J. 

on  Cane. 

C.  in.— R. 

1595 

50.6 

60.3 

28.0 

78.6 

122 

32.6 

2390 

•  •  • 

•  •  • 

26.0 

•  •  • 

123 

... 

3187 

55.4 

66.0 

25.5 

80.9 

128 

35.4 

3972 

•  •  • 

•  •  • 

25.3 

•  •  • 

133 

•  •  ■ 

4778 

56.1 

66.8 

25.0 

81.8 

136 

32.9 

5574 

•  •  • 

•  •  • 

24.6 

•  •  • 

138 

•  •  • 

6369 

•  •  • 

•  •  • 

24.1 

•  ■  • 

139 

•  •  • 

7166 

57.0 

67.9 

23.6 

80.6 

139 

32.5 

7601 

•  •  • 

•  •  • 

23.4 

140 

... 

8757 

57.7 

68.7 

23.2 

80.9 

143 

32.2 

9555 

•  •  • 

•  •  • 

23.0 

. . . 

144 

•  ■  • 

10747 

58.0 

69.0 

22.9 

80.9 

147 

31.8 

11145 

•  •  • 

•  •  • 

22.7 

•  •  • 

149 

... 

11949 

58.2 

69.3   1 

22.6 

80.8 

148 

31.7 

The  Volume  Occupied  by  Bagasse  at  Lower  Pressures,  The 
experiments,  an  account  of  which  has  been  given  in  the  preceding 
pages,  dealt  with  higher  pressures.  The  apparatus  employed 
there  was  not  suited  for  the  accurate  determination  of  lower  pres- 
sures ;  I  accordingly  made  use  of  a  different  scheme  for  obtaining 
the  relation  between  volume  and  pressure  at  lower  pressures. 
The  apparatus  consisted  of  a  pressure  pot  similar  to  the  one 
already  described  (page  6)  ;  pressure  was  applied  by  placing  on 
the  top  of  the  plunger  cylindrical  lead  weights;  the  arrange- 
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ment  of  the  apparatus  is  shown  in  Fig.  11;  the  weights  used 

weighed  200  lbs.,  100  lbs.,  50  lbs.  ; 

p  ^  they  were  raised  by  a  block  and 

<    S      j^iij  |^^„       b  tackle    and    lowered    very    gently 

on  to  the  plunger  so  as  to  avoid 
as  much  as  possible  any  shock; 
the  weights  were  cylindrical  and 
could  thus  be  placed  exactly  on 
)  top    of    each    other;    after    the 

200  LBS.  plunger  had  sunk  into  the  cylin- 

der and  come  to  rest  a  measure- 
ment of  the  height  projecting  over 
the  top  of  the  pot  was  made 
whence  could  be  obtained  the 
volume  occupied  by  the  bagasse 
under  the  existing  pressure. 

In  these  experiments  the  mate- 
rial employed  was  obtained  by 
passing  cane  repeatedly  through 
a  hand  mill;  it  was  substantially 
of  the  same  texture  and  state  of 
division  as  a  typical  third  mill  ba- 
gasse. The  results  of  experiments 
are  given  in  the  tables  on  pages 
28  to  30,  and  the  results  of  one  are  plotted  as  a  curve  in  Fig.  12. 

HmifM-cfm  cciuma  c^Soyaamm  €ii aoraaaur^ up-6a  SO/^,pTSf,m. 
'ZZI  /6s,  Sa^aamm  on  a  Seam  o^3'4-3a^.  in:  'tkm.  iagassm  containing 

3Z6%  Mmr: 
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I 


/•/ 
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On  inspection  of  the  curve  it  was  suspected  that  some  relation 
as  H  P*  =  constant  would  hold  where  H  is  the  height  of  the 
column  of  bagasse  under  a  pressure  P  and  that  probably  x  would 
be  close  to  .5 ;  on  working  out  values  of  H  P-^  it  was  found  that 
these  gradually  increased  indicating  an  exponent  smaller  than  .5 ; 
by  trial  and  error  it  was  found  that  the  relation  H  P-^  =  con- 
stant held  with  satisfactory  accuracy;  the  values  of  H  P-*  are 
given  in  the  tables  on  pages  28  to  30  together  with  the  data  of 
the  experiments;  the  deviation  of  P"*  from  constancy  are  large- 
ly due  to  shock  unavoidable  in  removing  and  placing  on  the 
heavy  weights.  This  experiment  establishes  for  one  particular 
sample  of  bagasse  the  relation  H  P-*  constant;  while  it  would 
be  possible  that  for  all  samples  of  bagasse  a  relation  of  the  form 
pn  =  constant  would  hold  the  value  of  the  exponent  might  vary 
with  the  mechanical  condition  of  the  sample;  accordingly  three 
samples  of  bagasse  were  prepared  coarse,  medium  or  fine;  the 
first  would  represent  substantially  the  material  coming  from  a 
second  mill  and  the  last  would  represent  a  material  coming  from 
a  fourth  mill ;  these  samples  were  subjected  to  pressure  as 
already  described ;  the  results  of  the  experiment  are  given  in  the 
tables  on  pages  28-30 ;  inspection  of  these  results  there  tabulated 
shows  that  the  relation  H  P  ■*  =  constant  holds  equally  well  for 
the  three  samples  and  as  already  found  when  pressing  chopped 
cane  (page  13)  the  finest  material  is  pressed  to  the  smallest 
volume.  , 

These  results  then  may  be  formulated  in  the  statement  that  at 
low  pressures  the  volume  of  bagasse  varies  inversely  as  the 
2.5th  root  of  the  pressure  or  symbolically  H  P'*  =  constant  when 
H  is  a  measure  of  the  volume  and  P  the  pressure. 

Height  of  .221  lb.  bagasse  containing  32.6%  fiber  on  a  surface  of  8.43 
sq.  in.  corresponding  to  100,000  lbs.  cane  containing  12%  fiber  per  hour 
at  a  surface  speed  in  rollers  of  25  ft.  per  minute  in  a  78"  mill  under 
pressures  up  to  60  lbs.  per  sq.  in. 


Pressure  Lbs. 

Height 

per  sq.  in P 

Inches     H 

H  P.4 

1.1 

3.358 

4.90 

6.1 

2.238 

4.51 

11.1 

1.889 

4.96 

16.1 

1.658 

5.01 

21.1 

1.467 

4.99 

26.1 

1.333 

4.92 

31.1 

1.283 

5.09 

36.1 

1.183 

4.96 

41.1 

1.100 

4.85 

46.1 

1.039 

4.80 

51.1 

.989 

4.77 

56.1 

.944 

4.74 

29 

Height  of  .177  lb.  bagasse  cfontaining  32.6^^  fiber  on  a  surface  of  8.43 
aq.  in  corresponding  to  80,000  lbs.  cane  containing  12%  fiber  per  hour  at 
a  surface  speed  in  rollers  of  25  ft.  per  minute  in  a  78"  mill  under  pres- 
sures up  to  60  lbs.  per  sq.  in. 


Pressure  Lbs. 

Height 

per  sq.  in. — P 

Tnches=H 

H  P.4 

1.1 

2.615 

3.83 

6.1 

1.715 

3.45 

11.1 

1.396 

3.68 

16.1 

1.224 

3.70 

21.1 

1.065 

3.62 

26.1 

.943 

3.50 

31.1 

.890 

3.51 

36.1 

.844 

3.53 

41.1 

.812 

3.60 

46.1 

.787 

3.67 

51.1 

.764 

3.09 

56.1 

.742 

3.m» 

Height  of  .132  lb.  bagasse  containing  34.0%  fiber  on  a  surface  of  8.43 
sq.  in.  corresponding  to  62,600  lbs.  of  cane  containing  12%  fiber  on  a 
surface  speed  of  25  feet  per  minute  in  a  78"  mill  at  pressures  up  tt)  60 
lbs.  per  sq.  in. 


Pressure  Lbs. 
per  sq.  in.     P 

Height 
Inche8=H 

H  P.4 

11.1 
31.1 
51.1 
56.1 

1.118 
.745 
.601 
.571 

2.93 
2.94 
2.91 
2.86 

Height  of  .177  lb.  bagasse,  containing  34.0%  fiber  on  a  surface  of  8.43 
sq.  in.  corresponding  to  83,500  lbs.  of  cane  containing  12%  fiber  and  a 
surface  speed  of  25  feet  per  minute  in  a  78"  mill  at  pressures  up  to  60 
lbs.  per  sq.  in. 


Pressure  Lbs. 
per  sq.  in. — P 

Height 
Inche8=H 

H  p.4 

11.1 
31.1 
51.1 
56.1 

1.647 

1.035 

.891 

.881 

4.32 
4.10 
4.30 
4.42 
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Height  of  .221  bagasse  containing  34.0%  fiber  on  a  surface  of  S.43 
sq.  in.  corresponding  to  104,000  lbs.  of  cane  cx>ntaining  129^  fiber  and  a 
surface  speed  of  25  feet  per  minute  in  a  78''  mill  at  pressures  up  to  60 
lbs.  per  sq.  in. 


Pressure  Lbs. 
per  sq.  in.=P 


Height 
Inches=H. 


H  P.4 


11.1 

2.026 

5.33 

31.1 

1.296 

5.19 

51.1 

1.128 

5.44 

56.1 

1.080 

5.43 

Height  t)f  .265  bagasse  containing  34.0%  fiber  on  a  surface  of  S.43 
sq.  in.  corresponding  to  125,000  lbs.  cane  containing  12%  fiber  and  a 
surface  speed  of  25  feet  per  minute  in  a  76"  mill  at  pressures  up  to  60 
lbs.  per  sq.  in. 


Pressure  Lbs, 
per  sq.  in. — P 

Height 
Inches=H. 

H  P.4 

11.1 
31.1 
51.1 
56.1 

2.440 
1.586 
1.337 
1.284 

6.41 
6.35 
6.46 
6.46 

Height  of  .221  lb.  bagasse,  the  bagasse  containing  38.0%  fiber  on  a 
surface  of  8.43  sq.  in.  corresponding  to  116,000  lbs.  of  cane  containing 
12%  fiber  and  a  surface  speed  of  25  feet  per  minute  in  a  78"  mill,  at 
pressures  up  to  60  lbs.  per  sq.  in. 


Pressure  Lbs. 
per  sq.  in. — P 

Height 
Inches=:H. 

H  p.4 

FINE. 

11.1 
31.1 
51.1 
56.1 

2.051 
1.341 
1.018 
1.066 

5.08 
5.33 
5.30 
5.36 

MEDIUM. 

11.1 
31.1 
51.1 
56.1 

2.000 
1.384 
1.108 
1.083 

5.24 
5.46 
5.34 
5.42 

COAESE. 

11.1 
31.1 
51.1 
56.1 

2.152 
1.412 
1.181 
1.133 

5.59 
5.59 
5.70 
5.69 
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The  Volume  Occupied  by  Finely  Divided  Cane  Fiber  Under 
Pressure  Up  to  4000  lbs.  per  sq,  in.  The  experiments  already  de- 
scribed have  dealt  with  bagasse  and  choped  cane ;  it  was  thought 
that  the  same  law  converting  volume  and  pressure  would  apply 
to  such  a  material  as  finely  divided  cane  fiber  and  an  apparatus 
was  devised  for  use  with  finely  divided  cane  fiber  such  that  a 
large  range  of  pressing  could  be  employed  and  the  volume  meas- 
ured with  great  accuracy. 

This  apparatus  was  used  with  the  intention  of  obtaining  a  more 
accurate  representation  of  the  results  already  obtained  and  de- 
scribed ;  the  apparatus  employed  was  that  described  on  p  . .  and 
shown  in  Fig.  6.  The  details  of  an  experiment  are  as  follows: 
A  quantity  of  dry  and  finely  divided  cane  fiber  corresponding 
to  a  certain  tonnage  of  cane  as  calculated  by  the  method  given 
on  page  8  was  weighed  out,  and  introduced  into  the  hollow 
brass  cylinder  aa.  Fig.  6;  the  weight  of  the  plunger  dd  and  the 
plate  ee  being  2.8  lbs.;  the  introduction  of  this  part  of  the  ap- 
paratus into  the  cylinder  aa  gave  a  pressure  of  57  lbs.  per  sq. 
in.  on  the  surface  of  the  fiber  therein  contained ;  the  higher  pres- 
sures were  obtained  by  placing  the  lead  weights  (see  page  27) 
on  the  plate  ee;  the  maximum  load  placed  thereon  was  200 
lbs.,  corresponding  to  a  pressure  of  over  4000  lbs.  per  sq.  in. 

The  pressures  lower  than  60  lbs.  per  sq.  in.  were  obtained  by 
substituting  for  the  steel  plunger  and  plate  a  much  lighter  plunger 
made  out  of  a  glass  rod  on  one  end  of  which  was  fixed  a  flat 
support  for  carrying  weights  up  to  three  pounds. 

A  number  of  experiments  were  made  with  this  apparatus  of 
which  the  complete  data  are  given  in  the  tables  on  pp.  . .  and  . . 
whence  it  appears  that  with  finely  divided  cane  fiber  a  quite  dif- 
ferent law  obtains  from  that  found  to  hold  with  bagasse  and 
chopped  cane.  Inspection  of  the  results  on  pp.  32-33  shows 
that  for  pressures  reaching  up  to  4000  lbs.  per  sq.  in.  the  volume 
of  finely  divided  cane  varies  inversely  as  the  square  root  of  the 
pressure  or  symbolically  R  P-^  =  constant. 

When  this  experiment  was  devised  it  was  anticipated  that  the 
exponent  in  the  equation  R  P"  ==  constant  would  gradually  in- 
crease; evidently  the  behavior  of  finely  divided  cane  fiber  under 
pressure  is  different  from  that  of  bagasse  or  chopped  cane;  and 
it  is  not  suggested  that  these  experiments  with  finely  divided 
cane  fiber  have  any  bearing  on  the  problems  associated  with 
milling ;  with  one  isolated  phase  of  cane  sugar  technology,  namely 
the  baling  of  commercially  dried  cane  for  export  they  have  a 
very  direct  connection. 
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Height  of  .0003178  lb.  finely  divided  fiber  on  a  surface  of  .04909  sq.  in. 
corresponding  to  60,000  lbs.  cane  containing  1295^  fiber  in  a  78"  mill  run 
at  25  ft.  per  minute: 


Pressure 

Pressure 

Lbs.  per  sq. 

Height 

H  P.5 

Lbs.  per  sq. 

Height 

H  P.5 

in.— P 

Inche8=H 

in.— P 

Inche8=H 

10 

1.650 

5.214 

500 

.336 

7.516 

20 

1.383 

6.477 

600 

.312 

7.598 

30 

1.216 

6.660 

700 

.285 

7.272 

40 

1.088 

6.885 

800 

.265 

7.496 

50 

1.008 

7.129 

900 

.255 

7.638 

60 

.890 

6.783 

1000 

.240 

7.638 

80 

.839 

7.496 

1200 

.230 

7.985 

100 

.790 

7.903 

1400 

.210 

7.842 

120 

.739 

8.107 

1600 

.193 

7.740 

140 

.672 

7.964 

1800 

.183 

7.760 

160 

.640 

8.107 

2000 

.173 

7.720 

180 

.583 

7.821 

2200 

.165 

7.720 

200 

.534 

7.557 

2400 

.157 

7.700 

260 

.468 

7.557 

2600 

.149 

7.455 

300 

.432 

7.496 

2800 

.145 

7.638 

400 

.377 

7.536 

3000 

.141 

7.699 

460 

.348 

7.475 

3200 

.138 

7.842 

Height  of  .00004226  lb.  finely  divided  cane  fiber  on  a  surface  of  .04909 
sq.  in.  corresponding  to  80,000  lbs.  cane  containing  12%  fiber  in  a  78" 
mill  run  at  25  ft.  per  minute: 


Pressure 

Pressure 

Lbs.  per  sq. 

Height 

H  P.5 

Lbs.  per  sq. 

Height 

H  P  5 

in— P 

Inches=H 

in.=P 

Inches=H 

10 

2.896 

9.166 

500 

.371 

9.089 

20 

2.151 

10.022 

700 

.344 

9.146 

30 

1.748 

9.554 

800 

.324 

9.166 

40 

1.548 

9.777 

900 

.301 

9.065 

50 

1.391 

9.838 

1000 

.287 

9.085 

60 

1.057 

9.085 

1200 

.265 

9.166 

80 

1.041 

9.288 

1400 

.248 

9.288 

100 

.974 

9.737 

1600 

.234 

9.369 

120 

.898 

9.869 

1800 

.226 

9.594 

140 

.825 

9.777 

2000 

.216 

9.655 

160 

.766 

9.696 

2200 

.210 

9.838 

180 

.717 

9.635 

2400 

.202 

9.879 

200 

.684 

9.676 

2600 

.198 

9.919 

260 

.599 

9.676 

2800 

.187 

9.919 

300 

.542 

9.594 

3000 

.179 

9.777 

360 

.481 

9.125 

3200 

.171 

9.716 

400 

.462 

9.247 

3400 

.167 

9.716 

460 

.440 

9.451 

3600 

.161 

9.655 

500 

.418 

9.329 

3800 

.159 

9.777 
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Height  of  .0005274  lb,  finely  divided  cane  fiber  on  a  surface  of  .04909 
aq.  in.  corresponding  to  100,000  lbs.  cane  containing  12%  fiber  in  a  78" 
mill  nin  at  25  ft.  per  minute: 


Pressure 

Pressure 

Lbs.  per  sq. 

Height 

H  P.5 

Lbs.  per  sq. 

Height 

H  P.5 

in.=P 

Inches=H 

in.=P 

Inche8=H 

10 

3.465 

10.816 

600 

.503 

12.322 

20 

2.530 

11.346 

700 

.464 

12.322 

30 

2.129 

11.752 

800 

.434 

12.301 

40 

1.829 

11.569 

900 

.411 

12.343 

50 

1.644 

11.630 

1000 

.389 

12.301 

60 

1.519 

11.325 

1200 

.361 

12.465 

80 

1.344 

12.018 

1400 

.340 

12.730 

100 

1.218 

12.180 

1600 

.316 

12.628 

120 

1.151 

12.506 

1800 

.293 

12.424 

140 

1.012 

11.996 

2000 

.279 

12.465 

160 

.961 

12.160 

2400 

.257 

12.587 

180 

.912 

12.261 

2600 

.242 

12.363 

200 

.876 

12.403 

2800 

.234 

12.404 

260 

.774 

12.506 

3000 

.226 

12.383 

300 

.709 

12.281 

3200 

.220 

12.444 

360 

.650 

12.363 

3400 

.212 

12.363 

400 

.627 

12.547 

3600 

.206 

12.432 

460 

.576 

12.342 

3800 

.200 

12.322 

500 

.540 

12.017 

4000 

.194 

12.241 

PART  II. 

APPLICATION   OF  THE  EXPERIMENTS  DESCRIBED  IN   PART  /  TO  THE 

PROCESS  OF   MILLING. 

The  experiments  described  on  pages  26-30  were  made  with 
the  object  of  determining  the  effect  of  different  settings  of  the 
trash  turner,  the  pressure  thereon,  the  loss  of  power  therein  and 
the  relation  between  fiber  in  cane  or  tonnage  milled  hourly  and 
the  setting.  As  a  prelirhinary  I  obtained  a  full  scale  drawing 
of  a  34"x78''  mill  with  the  trash  turner  drawn  in  to  different 
settings,  this  drawing  is  shown  to  a  scale  of  ^4  i"  Fig-  13.  As 
a  basis  a  feed  opening  of  ^''  and  a  discharge  of  zero  was  adopted 
Avith  the  mill  at  rest;  under  working  conditions  it  was  accepted 
that  the  discharge  opening  becomes  .25  inch  obtained  by  a 
irertical  lift  of  the  top  roller  through  the  same  distance.  The 
settings  adopted  for  the  trash  turner  started  with  one  of  1  inch 
telow  the  lowest  point  of  the  top  roller  with  the  mill  at  rest ;  this 
dimension  will  be  referred  to  below  as  the  'drop' ;  with  a  drop 
of  1  inch  at  rest  the  drop  under  working  conditions  will  become 
1.25  inches.  The  clearance  between  the  trash  turner  and  back 
roll  is  taken  uniformly  at  .625  inch.      In  Fig.  13  is  given  the 


2 
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position  of  the  trash  turner  for  drops  of  from  1  inch  (at  rest) 
to  1.625  inches,  increasing  by  sixteenths  of  an  inch  (.0625  inch) ; 
all  the  trash  turner  curves  are  drawn  from  one  center;  the 
horizontal  distance  between  the  bottom  rollers  was  taken  as  six 
inches  corresponding  to  an  apical  angle  of  72°. 

Average  pressure  on  trash  turner.  It  has  been  shown  by  the 
experiments  described  on  page  26  that  at  low  pressures  the 
volume  of  bagasse  varies  as  the  .4th  power  of  the  pressure. 
Hence  if  the  drop  of  the  trash  turner  at  the  inlet  be  1  inch  and 
at  outlet  be  1.5  inches  the  average  pressure  on  the  trash  turner 
is  not  that  due  to  a  column  of  bagasse  1.25  inches  high;  accord- 
ingly to  the  law  experimentally  determined  the  average  pres- 
sure can  be  determined  thus: 

The  general  equations  of  H  P'*=constant  can  be  written 
{^2.5  p  =  constant.  In  Fig.  14  is  given  the  curve  H^-^  p  =  con- 
stant for  values  of  H  from  1  inch  to  2  inches  and  for  a  constant 
of  value  50.  The  value  of  the  constant  was  taken  as  50  on  the 
following  argument:  When  pressing  bagasse  of  medium  tex- 
ture it  was  found  (see  p.  3)  that  with  bagasse  corresponding 
to  116,000  lbs.  cane  containing  12%  fiber  and  a  surface  speed  of 
25  feet  per  minute  H  P*  equalled  on  an  average  5.36  correspond- 
ing to  a  value  of  4.62  for  100,000  lbs.  cane  per  hour;  in  the 
series  on  page  30  the  corresponding  value  of  H  P*  was  4.75 ; 
the  average  of  these  values  is  4.68 ;  taking  this  value  as  the  con- 
stant the  value  of  H^-^  p  is  49.14  and  taking  into  account  the 
difficulties  of  the  experiment  the  variation  which  may  be  ex- 
pected from  sample  to  sample  this  number  may  be  rounded  oflf 
as  50.  Now  referring  to  the  curve  in  Fig.  14  evidently  the  area 
under  the  curve  bounded  by  any  two  ordinates  represents  the 
total  pressure  and  this  total  pressure  divided  by  the  horizontal 
distance  between  the  ordinates  gives  the  mean  ordinate  or  the 
mean  presure. 

Writing  x  for  H  and  y  for  P  the  equation  to  the  curve  Is 
j^2.5y  -_  50  or  y  =  50  x~2-5  or  generally  y  =  M  x~".  Then 
integrating  between  the  limits  n  =  a,  n  =  b  the  area  under  the 
curve  and  between  the  ordinates  a  and  b  is : 


^^                               ^       f     l-n       l-n 
m  X  "r  d  X  =    , 


-a 


Substituting  actual  values  let  it  be  required  to  find  the  mean 
value  of  y  between  the  points  x  =  1.09  and  x  =  1.50.  The  area 
of  the  curve  is : 
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This  number  divided  by  the  base  ==  .4  gives  27.2  as  the  mean 
ordinate,  that  is  to  say  the  average  pressure  due  to  a  layer  of 
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bagasse  in  which  the  height  increases  lineally  from  1.09  to  1.50 
inches  is  27.2  lbs.  per  sq.  in.,  the  quantity  of  bagasse  being  that 
corresponding  to  that  contained  in  100,000  lbs.  of  cane  contain- 
ing 12%  of  fiber. 

Substituting  27.2  for  P  in  the  equation 

H2.5p.=50 

and  solving  for  H,  H  is  found  to  be  1.29,  that  is  to  say  the  pres- 
sure due  to  a  layer  of  bagasse  increasing  in  height  from  1.09  to 
1.50  inches  and  when  the  pressure  varies  inversely  as  the  2.5th 
power  of  the  height  is  the  same  as  that  of  a  layer  of  a  uniform 
height  of  1.29  inches;  this  expression  I  call  the  mean  drop  and  in 
the  penultimate  column  of  the  table  on  page  37  I  have  tabulated 
the  mean  drop  for  each  diflFerent  setting  and  in  the  last  column  I 
have  tabulated  the  mean  pressure  in  lbs.  per  sq.  in.  as  calculated 
from  the  equation  H^-s  P  :=  50  for  H  in  inches  and  P  in  lbs. 
per  sq.  in. 

Dimensions,  etc.,  of  trash  for  34"x78"  mill  with  apical  angle  of  72°  for 
drops  at  rest  of  1  inch  to  1.625  inch  and  clearance  from  back  roller  of 
6.25  inch: 
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1.34 
1.41 
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27.2 
24.0 
24.1 
18.7 
16.5 
14.7 
13.2 
12.0 
11.0 
10.0 
9.1 


Variation  in  Pressure  on  Trash  Turner  zvith  Variation  in  Drop. 
The  total  pressure  on  the  trash  turner  will  be  the  product  of  the 
pressure  due  to  the  mean  drop  into  the  projected  area  of  the 
trash  turner  on  a  horizontal  plane ;  this  quantity  will  also  be  the 
pressure  acting  vertically  upwards  on  the  top  roller  the  effect  of 
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which  will  be  to  diminish  the  pressure  due  to  the  hydraulic  load. 
In  the  following  table  is  given  the  pressure  on  the  trash  turner 
for  the  settings  tabulated  in  the  table  on  page  37;  these  pres- 
sures of  course  refer  to  the  exact  conditions  for  which  the  latter 
was  calculated,  i.  e.,  for  100,000  lbs.  of  cane  containing  12% 
fiber,  per  hour,  in  a  34"x78"  mill  worked  at  a  speed  of  25  feet 
per  minute.  It  will  be  seen  that  with  the  trash  turner  settings 
adopted  an  increase  in  the  drop  not  only  decreases  the  pressure 
due  to  the  fall  in  the  mean  pressure  but  also  to  the  diminished 
area  of  the  trash  turner. 


Drop  at  Eest — 

Total  Pressure — 

Drop  at  Rest — 

Total  Pressure — 

Inches. 

Lbs  per  sq.  in. 

Inches. 

Lbs  per  sq.  in. 

1 

29,700 

1.575 

13,200 

1.06 

25,800 

1.44 

1 1 ,900 

1.625 

22,400 

1.50 

10,700 

1.19 

19,600 

1.56 

9,600 

1.25 

17,000 

1 .625 

8,600 

1.31 

14,900 

•    •   •   • 

Variation  in  Pressure  on  Trash  Turner  Due  to  Variation  in 
Fiber  in  Cane.  If  the  fiber  in  cane  increases  above  the  adopted 
standard  of  12%  then,  other  conditions  remaining  the  same,  to 
obtain  the  same  pressure  on  the  trash  turner  the  drop  must  evi- 
dently be  increased  in  direct  proportion  to  the  increase  in  the 
fiber  content ;  if,  however,  there  is  a  variation  in  the  fiber  content 
and  the  setting  remains  unaltered  the  pressure  on  the  trash  turner 
will  increase  in  proportion  to  the  2.5th  power  of  the  increase  in 
the  fiber  content.  Adopting  as  a  basis  of  comparison  a  drop  at 
rest  of  1.31  inches  for  the  standard  conditions  the  following 
table  gives  the  mean  pressure  in  lbs.  per  sq.  in.  on  the  trash 
turner  for  different  fiber  contents  with  the  same  setting;  the 
calculation  is  made  as  follows:  if  with  12%  fiber  a  certain  set- 
ting gives  a  pressure  of  14.7  lbs.  per  sq.  in.  with  13%  fiber  the 
same  setting  will  give  a  pressure  of 


13 
12" 


2.5 


X  14.7  =  17.9 
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Comparative  pressures  on  trash  under  turner  due  to  variation  in  fiber: 


Fibre  in  Canes. 

Pressure  compared  with 
that  due  to  a  cane  con- 

Pressure— Lbs.  per 

• 

taining  12%  of  fiber. 

sq.  in. 

10 

.63 

9.3 

10.5 

.71 

10.5 

11 

.80 

11.5 

11.5 

.90 

13.2 

12 

1.00 

14.7 

12.5 

1.11 

16.3 

13 

1.22 

17.9 

13.5 

1.34 

19.7 

14 

1.47 

21.6 

14.5 

1.61 

23.7 

15 

1.75 

25.7 

Variation  in  Pressure  on  Trash  Turner  Due  to  Variation  in 
Quantity  Milled,  Evidently  the  effect  will  be  precisely  the 
same  as  that  due  to  variation  in  the  fiber,  that  is  to  say  the 
same  pressure  will  be  obtained  on  the  trash  turner  with  in- 
creasing quantity  of  cane  when  the  drop  is  increased  in  the  same 
proportion.  If  the  setting  remains  the  same  the  pressure  will 
vary  as  the  2.5th  power  of  the  tonnage  milled. 

Variation  in  Pressure  on  Trash  Turner  Due  to  Variation  in 
Surface  Speed  of  Roller,  With  an  increase  in  surface  speed 
the  height  of  the  layer  of  bagasse  decreases  lineally  with  the 
speed;  the  pressure  on  the  trash  turner  will  therefore  decrease 
with  the  2.5th  power  of  the  surface  speed.  It  hence  follows  that 
so  far  as  regards  the  pressure  of  the  trash  turner  that  an  in- 
crease in  fiber  content  of  the  cane  milled  can  be  neutralized  by 
an  increase  in  the  surface  speed  of  the  rollers ;  that  is  to  say  the 
same  setting  may  be  maintained  independent  of  the  fiber  in  the 
cane  by  varying  the  speed  so  as  to  have  a  constant  quantity 
of  fiber  on  the  trash  turner. 

Power  Absorbed  by  Passage  of  Bagasse  Over  the  Turner, 
The  data  already  obtained  are  sufficient  to  allow  of  an  estimate 
of  the  power  absorbed  in  friction  in  the  trash  turner.  As  an 
example  the  standard  conditions  forming  the  basis  of  the  previ- 
ous calculations  may  be  used,  namely  100,000  lbs.  of  cane  con- 
taining 12%  fiber  in  a  34"x78''  mill  worked  at  a  surface  speed  of 
25  feet  per  minute,  and  a  drop  at  rest  in  the  trash  turner  of  1.31 
inches.  Under  these  conditions  the  area  of  the  trash  turner  is 
1053  sq.  in.  and  the  pressure  of  the  bagasse  is  14.7  lbs.  per  sq.  in. 
so  that  the  total  pressure  exacted  by  the  bagasse  is  15,479  lbs. 
The  angle  of  friction  of  bagasse  on  iron  is  22°  which  corresponds 
to  a  coefficient  of  friction  of  0.4. 
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The  speed  of  the  layer  of  bagasse  being  25  feet  per  minute  the 
foot  pounds  per  minute  necessary  to  draw  the  bagasse  over  the 
trash  turner  are 

15479  X  .4  X  25  =  154790 

and  the  horse  power  required  is 

154790 

=  4.68  H.  P. 

33000 

Pressure  of  Bagasse  at  Any  Point,  By  means  of  the  experi- 
ments described  in  the  preceding  pages  it  is  possible  to  make 
some  analysis  of  the  actual  state  of  affairs  in  the  process  of 
crushing.  To  begin  with  it  may  be  advisable  to  recall  some 
geometrical  properties  of  circles.     In  Fig.  15  let  a  c  e  be  a  circle 

to  which  a  tangent  is  drawn  at  the  point 
c ;  from  a  let  a  perpendicular  a  b  be 
drawn  to  the  tangent;  then  denoting  b 
c  by  1,  a  b  by  d  and  o  a  by  r 


Fig.   15 


Now  let  there  be  two  similar  circles 
(F'ig.  15)  separated  by  a  distance  k; 
then  for  any  distance  1  measured  along 
a  tangent  at  the  nearest  point  of  ap- 
proach of  the  circles 

H  =  k  +  2  (r  -    vV'  HI'  ) 

where  H  is  the  distance  between  the  rollers  at  any  point  1,  and  k 
is  the  distance  at  the  point  of  nearest  approach. 

Now  let  the  two  circles  in  Fig.  15  represent  two  rollers;  then 
when  the  diameter  of  the  rollers  (2r)  and  the  distance  at  the 
point  of  nearest  approach  (k)  are  known,  the  distance  apart  (H) 
at  any  point  can  be  expressed  in  terms  of  1  where  1  is  the 
distance  from  the  point  of  nearest  approach  measured  along  the 
tangent  at  the  point  of  nearest  approach.  Further  it  has  been 
already  shown  that  the  relation  R  P  ^  =  constant  holds  where  R 
is  the  volume  of  bagasse  under  pressure  P;  when  the  base  of 
this  column  of  bagasse  under  pressure  is  constant  for  R  we  can 
put  H  where  H  is  the  height  of  the  column  and  raising  the  ex- 
pression to  the  fifth  power  we  can  write. 

H5  P  =  constant 

T  then  proceeded  to  the  calculations  described  below.  Re- 
ferring to  the  tabulated  results  on  pp.  32  and  33  it  will  be  seen  that 
to  average  value  of  H'*  P  for  quantities  of  material  correspond- 
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ing  to  120,000,  100,000,  80,000  lbs.  of  cane  per  ton  in  a  78"  mill 
will  run  at  25  ft.  per  minute  and  calculated  for  pressures  of 
500  lbs.  per  sq.  in.  in  and  over  is  1.89,  1.55,  1.26;  referring  all 
these  experiments  to  a  basis  of  100,000  lbs.  per  hour  an  average 
value  is  obtained  for  H  P-2  of  1.57  so  that  H^  P  =  9.5 ;  this  value 
will  be  accepted  in  the  calculations  which  follow. 

Before  any  estimate  could  be  made  of  the  pressure  on  the  layer 
bagasse  in  its  passage  between  the  rollers  it  was  necessary  to 
know  the  distance  at  the  line  of  nearest  approach,  i.  e.,  k  in  the 
equation  above,  when  a  certain  definite  quantity  of  material  was 
being  milled;  as  far  as  the  writer  is  aware  there  are  very  few 
observations  of  the  measurement  on  record.  The  most  detailed 
account  to  which  I  have  access  is  a  manuscript  translation  from 
the  Dutch  and  refers  to  rigid  mills.  In  a  rigid  mill  the  setting 
at  rest  is  the  same  as  that  when  working  except  for  deformity 
produced  by  the  pressure;  in  a  mill  worked  under  hydraulic 
pressure  the  position  of  the  rollers  under  working  conditions  is  a 
function  of  the  pressure,  of  the  quantity  of  the  material  milled 
and  of  the  surface  speed  of  the  rollers.  The  mills  considered 
in  this  publication  were  nearly  all  30''x60'' ;  the  average  surface 
speed  was  16.0  feet  per  minute ;  the  average  feed  opening  was 
.520  inch  and  the  average  delivery  opening  was  .222  inch,  the 
average  quantity  of  cane  crushed  was  51,000  lbs.  per  hour;  re- 
ferred to  a  basis  of  a  78"  mill  worked  at  25  feet  per  minute 
this  corresponds  very  closely  with  100,000  lbs.  cane  per  hour; 
from  the  few  observations  I  have  been  able  to  collect  of  mills 
worked  under  hydraulic  pressure  a  similar  opening  exists  be- 
tween the  back  and  top  roller;  accordingly  as  a  basis  of  cal- 
culation I  have  taken  k  in  the  equation  above  as  .25  inch,  that  is 
to  say,  it  is  assumed  as  a  basis  of  calculation  under  average 
working  conditions  at  the  final  squeeze  the  rollers  approach  to 
.25  inch  and  this  is  the  minimum  height  of  the  column  of  bagasse 
at  the  point  of  greatest  pressure. 

In  the  table  on  page  42  is  given  the  pressure  exerted  on  the 
layer  of  bagasse  in  its  passage  between  the  rollers  for  distances 
up  to  three  inches  from  the  line  of  nearest  approach ;  this  calcu- 
lation refers  to  100,000  lbs.  of  cane  containing  12%  fiber  milled 
at  a  surface  speed  in  the  rollers  of  25  ft.  per  minute.  In  the 
left  hand  column  are  entered  up  the  distances  from  the  line  of 
nearest  approach,  i.  e.,  1  in  the  equation  on  p.  40.  The  captions  in 
the  top  horizontal  line  refer  to  the  diameter  of  the  rollers ;  the 
entries  in  the  table  give  the  pressures  in  lbs.  per  sq.  in. ;  on  the 
layer  of  bagasse  for  distances  from  the  line  of  nearest  approach 
for  rollers  of  the  diameter  indicated.     An  example  of  the  calcu- 


42 

lation  of  one  case  is  given.      Let  the  diameter  of  the  roller  be 
36  inches  and  let  1  be  one  inch  then 


d  =  18  -   V18'  -r  =   18  —    V^23   =^18—  17.9722  =  .0278. 

Now  as  a  basis  of  calculation  k.  the  distance  between  the  rollers 
at  the  line  of  nearest  approach,  was  taken  as  .250 ;  whence 

H  =  k  +  2  d  =  .250  +  .0556  =  .3056. 

The  pressure  required  to  compress  the  bagasse  to  this  height  is 
given  by  the  equation 

H5  P  =  9.5  or 
P  =  9.5  -r-  (.3056)5  =  3606 

That  is  to  say  the  pressure  on  the  layer  of  bagasse  1  inch  distance 
from  the  line  of  nearest  approach  is  3606  lbs.  per  sq.  in. 

Pressure  on  bagasse  in  passage  between  rollers  for  different  distances 
from  line  of  nearest  approach  for  different  diameters  of  rollers;  the 
calculation  refers  to  100,000  lbs.  of  cane  containing  12^^  fiber,  in  a  78" 
mill  moving  at  a  surface  speed  of  25  feet  per  minute: 
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DIAMETERS  OF  ROLLERS— INCHES. 

e  fro 
st  ap 

30 

32 

34 

36 

38 

1 

40   ' 

42 

44 

Distanc 
neare 

Pressure 

1 
! — Lbs. 

per  squa 

ire  inch. 

0 

9700 

9700 

9700 

9700 

9700 

9700 

9700 

9700 

.2 

9197 

9233 

9253 

9280 

9302 

93.19 

9337 

9355 

.5 

7029 

7197 

72S9 

7401 

7519 

7589 

7689 

7752 

.7 

'  5247 

5422 

5514 

5744 

5938 

6016 

6176 

6316 

1.0 

2971 

3177 

3371 

3552 

3733 

3905 

4061 

4211 

1.2 

,  1977 

2131 

2208 

2415 

2575 

2707 

2917 

3106 

1.5 

925 

995 

1161 

12.56 

1362 

1481 

1608 

1754 

1.7 

549 

632 

675 

801 

904 

1021 

1047 

1103 

2.0 

254 

298 

347 

393 

453 

513 

563 

631 

2.0 

68 

S5 

1   103 

122 

144 

164 

187 

222 

3.0 

20 

25 

32 

38 

47 

56 

63 

,    76 

Graphic  Representation   of  Pressure.      The  curves  given  in 
Fig.  16  have  been  drawn  from  the  formula  H^  P  =  9.5  and  are 
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Fig.  16 


referred  to  rollers  ranging  from  SCK'  to  44''  in  diameter.  In- 
spection of  these  curves  shows  that  as  the  layer  of  bagasse  is 
gripped  by  the  rollers,  which  will  take  place  at  about  3  inches 
from  the  point  of  nearest  approach,  the  pressure  increases  very 
slowly;  at  a  distance  between  1.5  and  2  inches  from  the  point 
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of  nearest  approach  the  pressure  begins  to  rise  very  rapidly, 
eventually  reaching  a  maximum  of  9700  lbs.  per  sq.  in. ;  it  will  be 
seen  that  the  maximum  pressure  reached  is  independent  of  the 
diameter  of  the  rollers  but  that  with  the  larger  diameter  the  pres- 
sure at  any  point  except  at  the  maximum  is  greater.  These  two 
curves  were  drawn  on  the  assumption  that  the  relation  H^  P  = 
9.5  held  for  all  pressures ;  actually  this  law  is  only  true  for  pres- 
sures over  500  lbs.  per  sq  .in.  In  Fig.  17  is  given  the  curve  of 
H^  P  =  9.5  for  a  34"  roller  as  far  as  H  =  1.7;  the  remaining 
points  on  the  curve  were  taken  from  the  actually  observed  re- 
sults in  the  table  on  page  21 ;  it  will  be  seen  that  this  substitution 
makes  only  a  small  difference  in  the  area  of  the  curve. 

Estimation  of  Total  Pressure  on  a  Roller.  Before  proceeding 
to  the  evaluation  of  the  total  pressure  acting  on  the  roller  due  to 
the  passage  of  the  layer  of  bagagsse  the  actual  region  of  pres- 
sure must  be  settled.  If  bagasse  was  a  material  such  as  com- 
pressed air  which  would  recover  its  original  volume  very  rapidly 
as  the  pressure  decreased  the  pressure  on  both  sides  of  the  line 
of  nearest  approach  of  the  rollers  would  be  identical ;  it  was  ob- 
served, however,  that  bagasse  was  a  very  inelastic  material 
which  recovered  from  the  deformity  due  to  great  pressures  very 
slowly,  and  also  it  was  observed  that  the  pressures  were  great 
enough  to  compress  the  fiber  beyond  the  elastic  limit  so  that 
when  the  bagasse  expanded  on  the  pressure  being  released  it  did 
not  reach  its  original  volume ;  now  a  speed  of  25  feet  per  minute 
which  was  adopted  as  standard  corresponds  to  a  movement  in 
the  layer  of  bagasse  of  five  inches  in  one  second  so  that  in  one 
second  the  bagasse  has  passed  through  the  region  of  pressure; 
from  the  observations  made  on  the  expansion  of  bagasse  in  the 
pressure  pot  when  the  pressure  was  released  the  writer  is  of  the 
opinion  that  the  pressure  due  to  the  expanding  bagasse  on  the 
discharge  side  is  so  small  compared  unth  that  on  the  feed  side 
that  it  may  be  neglected.  The  pressure  exerted  on  a  roller  by  the 
bagasse  in  its  passage  will  then  be  taken  as  that  due  to  the  layer 
of  bagasse  on  the  feed  side  only. 

Referring  to  the  curves  shown  in  Fig.  16  the  total  pressure 
acting  on  the  roller  will  be  known  when  the  area  of  the  curve 
has  been  evaluated ;  the  mean  ordinate  of  the  curve,  that  is  ta 
say  the  area  divided  by  the  base,  will  give  the  mean  pressure. 
The  area  of  the  curve  can  be  found  since  its  equation,  namely 
H-*^  P  =  C  is  known.  For  very  much  help  in  the  mathematical 
analysis  below  I  am  indebted  to  Mr.  P.  V.  Ceresole,  formerly 
Assistant  Professor  of  Applied  Mathematics  at  the  Zurich  Poly- 
technic : 
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Fig.   17 


Let  H5  P  =  C 


But  H  =  k  +  2  r  —  2    Vr'  -1' 
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But 


J,_ii  =  (^,_i;j^«i_,ii  +  ,i;_v.i; 


+ 


1  .  1' 

since  —  is  small  terms  less  than  — ^  may  be  neglected. 


Then 


»  =  >^0+irJ 


C 
Therefore  P  =    r-r    ' 

k 


I'  ^  ij 


Then  the  area  of  the  curve  between  the  limits  a  and  b  = 


r 


K  = 


_    c 

k 


r  b 


Pdl  =     :^ 


a 


dl 


k^^J 


Let 


=   u 


4/k  r 


Then  d  1  =    i/  k  r    d  u 


p:  = 


r  i3f 


'^'-Hr 


a 


d  u 


«  \5 


(1  +  u") 

a 


Where  «  -- 


f/   k  r 


and  /5  = 


4/  k  r 


The  evaluation  of  V; 


_du 

(1    +  u^)' 


a 


can  be  obtained  as  under 
Let  A  =  tan  - '  a 
B  =  tan-'  /S 
L  =  "'  +  1 

M  =  /J"  +  1 


^s 


Then  V,  = 


dji 

(1  +  u'r 


a 
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du 


r  ? 


V,  = 


du 


etc. 


0  \% 


a 


Vi  = 


r/j 


J    a 


(I    +  u"; 


du 


1     +    u' 


Vi  =  tan  -'  ?  —  tan  -'  « 
=  B  — A 
.    Then  in  succession. 

V.  =  4- 


-iU-i^M-<^-^' 


Va    =     A 


V4     = 

and 

Vs  = 
Finally 

Pi  = 


4  \v 

6  VL" 


fiS 


du 


1 


a 


(1     +    uO'~  8\L' 


M*  /  8 


)i 


V« 


a 


fp* 


pdi=  ^j^Ma 

k?      8  \L- 


-lir)+   V. 


a 


In  taking  the  area  of  the  whole  curve  0  =  a,  and  all  terms 
containing  a  disappear.  This  is  the  complete  solution,  but 
actually  it  is  more  convenient  to  employ  graphic  methods. 

Referring  to  the  case  of  a  34''  roller  (Fig.  17)  the  area  of  the 
curve  is  found  by  actual  measurement,  when  drawn  to  a  scale  of 
1"  =  1000  lbs.  and  1"  =  1"  to  be  9.34  sq.  ins. 

The  length  of  the  base  is  4.5  inches  and  hence  the  mean  ordinate 
is  2.075  inches,  corresponding  to  a  pressure  of  2075  lbs.  per  sq. 
The  width  of  the  strip  of  bagasse  under  pressure  is  4.5 


m. 
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inches  and  its  length  is  78  inches.  The  total  pressure  is  then 
2075  X  78  X  4.5  =  728,000  lbs.  =  364  tons. 

It  is  interesting  to  compare  this  pressure  which  represents  the 
total  load  on  the  layer  of  bagasse  in  its  passage  between  the  top 
and  back  roller  in  one  of  the  later  mills  of  a  train  with  the 
actually  known  pressures  due  to  the  hydraulic  load  as  used  in 
practice.  In  Fig.  8  if  2  a  be  the  apical  angle  of  a  mill  on 
which  is  applied  the  vertical  load  P  the  resolved  load  along  the 
line  joining  the  centers  of  the  top  and  back  rollers  is  P  cos  a. 

In  actual  practice  in  these  islands  P  varies  from  350  tons  to 
500  tons  and  2  a  varies  from  72"^  to  84° ;  the  table  below  gives 
values  of  P  cos  a  within  these  limits. 


Apical  angle  2 

a 

p 

72 

74 

76 

78 

80 

82 

84  , 

Tons 

P  cos  a 

350 

283 

279 

276 

272 

268 

264 

260 

375 

302 

300 

295 

291 

287 

283 

279 

400 

324 

320 

315 

311 

306 

302 

297 

425 

344 

340 

335 

330 

326 

321 

316 

450 

364 

300 

355 

350 

345 

340 

335 

475 

384 

380 

375 

369 

364 

359 

353 

500 

405 

400 

394 

388 

383 

377 

372 

It  will  thus  be  seen  that  the  deduced  pressure  of  364  tons  lies 
within  the  limits  of  P  cos  a  and  corresponds  to  the  higher 
values ;  it  would  appear  perhaps  that  in  the  experiments  the  pres- 
sure has  been  slightly  overestimated  or  that  the  estimate  of  .25 
inch  as  the  distance  between  the  line  of  nearest  approach  was 
too  low. 

Effect  of  Curvature  of  Rollers  on  Pressure.  If  the  layer  of 
bagasse  entering  the  rollers  be  treated  as  a  wedge  neglecting  the 
curvature  of  the  rollers  entirely  different  and  erroneous  results 
are  obtained.  Treating  the  bagasse  as  a  wedge  the  ratio  of 
H  to  1  remains  constant ;  to  show  the  effect  of  curvature  I  calcu- 
lated the  pressure  on  a  layer  of  bagasse  under  the  standard  condi- 

tions  for  a  ratio  of  —  =  .135,  for  a  length  1  from  0  to  3  inch 

1 

taking  k  as  before  .250  inch  and  using  the  formula  H*^  P  =  9.5 
as  before.  The  results  are  given  in  the  appended  table  and  are 
also  plotted  in  a  curve  in  Fig.  18. 
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Fig.    18 
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P 

0 

9700 

.2 

3580 

.5 

1109 

.7 

700 

1.0 

236 

1.2 

175 

1.5 

55 

1.7 

53 

2.0 

31 

2.5 

14 

3.0 

7 

Comparing  these  results  with  those  in  the  tables  on  page  42  and 
shown  graphically  in  Fig.  17  it  is  seen  that  the  pressure  drops 
very  much  more  rapidly  than  when  the  curvature  of  the  rollers 
is  taken  into  account  and  also  if  the  area  of  the  curve  be  taken 
it  will  be  found  that  there  is  no  close  agreement  between  total 
pressure  and  that  calculated  from  the  actual  conditions. 

Work  Done  in  Compressing  Bagasse.  The  general  equation 
connecting  the  volume  of  bagasse  or  of  cane  fiber  and  pressure 
has  already  been  found  to  be : 

H^  P  :=  9.5  when  H  is  the  height  of  the  column  or  layer  of 
bagagsse  under  pressure  referred  to  standard  conditions  already 
stipulated  and  P  is  expressed  in  lbs.  per  sq.  in. 

In  Fig.  19  is  given  the  curve  of  H^  P=9.5 ;  consider  the  case 
of  the  column  of  bagasse  on  a  base  of  1  sq.  in,  and  .6  inch  high 
at  which  point  let  pressure  begin.  The  area  of  this  curve  is 
given  by 


f 


J 


.6 

9.5 

.25 


-5 
H        = 


=590.1 


9.5 


1  -5' 


1-5  1-5 

.6     -.25 


since  on  the  vertical  scale  1  inch  represents  1000  lbs.  With  the 
scale  to  which  Fig.  19  was  drawn*  1  sq.  in.  represents  the  work 
done  by  a  pressure  of  1000  lbs.  per  sq.  in.  in  acting  through 
.1  inch  or  100  inch  pounds.  The  work  done  in  compressing  the 
bagasse  is  then  590.1  inch  pounds,  or  49.2  foot  lbs.  Under  the 
standard  conditions  (page  8)  23,400  square  inches  of  bagasse 
were  compressed  from  .6  inch  to  .25  inch  so  that  the  work  done 


*  Illustration  reduced  one-half. 
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IS  49.2  X  23400  =  1151280  ft.  pounds.     This  is  the  work  done 

1151280 

in  one  minute  corresponding  to     »'  .  .^    =35  H.  P. 

This  estimate  of  course  refers  only  to  the  work  done  in  actual 
compression  of  the  fiber;  the  power  developed  will  be  largely  in 
•excess  of  this  due  to  that  used  in  the  friction  in  the  trash  turner, 


/T.  ne^at  or  column  of'  6agas8€.f/nch  -  •/  inch 


Fig.    19 
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in  the  journals  and  also  of  course  a  small  amount  of  power  is 
used  in  the  compression  between  the  top  and  front  roller;  it 
would  be  interesting  to  compare  the  actual  work  done  in  com- 
pression with  that  expended  as  thereby  a  measure  of  the  effi- 
ciency of  a  cane  mill  as  a  machine  would  be  obtained;  so  far 
as   I   am  aware   data   is   wanting  on   this   matter;   actually    if 

C  =  work  done  in  compression  of  the  fiber  and  W  =  work  done 

c 
by  the  engine  —  =  efficiency. 

W 

In  the  above  calculation  of  the  work  done  in  compression  ba- 
gasse it  has  been  assumed  that  work  done  is  the  same  as  if  the 
bagasse  were  compressed  directly  under  such  conditions  that  its 
volume  decreased  lineally ;  in  a  rolling  mill  the  rate  at  which  the 
volume  decreases  has  already  been  given ;  the  work  done  in  com- 
pression is  independent  of  the  way  in  which  compression  is  ap- 
plied ;  for  the  exact  proof  of  this  I  am  indebted  to  Mr.  Ceresole. 

In  Fig.  20  let  n  =  the  specific  normal  pressure  on  a  small 

particle  of  bagasse  and  let  it  be  the 
specific  tangential  pressure  causing 
uniform  motion  of  the  particle. 

Then  the  condition  of  equilibrium 
of  the  piece  of  bagasse  A  B  is 


B 


t  ds  cos  a  =       j 


B 


n  ds  sin  « 


Since  a  is  small  cos  a  =  1,  and 
re  rB 

t 


J 


ds     = 


nds  sin  « 


But  since  ds  sin  a  =  dh 

r«  fhb 

Therefore    J      t  ds  = 
J  A 


n  dl 


If  V  is  the  peripheral  speed  of  the  roller  the  work  done  in  a  unit 
of  time  is 


w  =  V 


C  V 


r«  fhb 

t  ds  =  V  n  dl 

J  A  J  ha 
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Numerical  Connection  Between  Fiber  Percent  in  Bagasse, 
Tonnage  Milled  Hourly  and  Horse  Power.  The  general 
equation  developed  above  expressive  of  the  work  done  in  com- 
pressing bagasse  may  be  used  to  solve  a  number  of  interesting 
problems  occurring  in  the  practice  of  milling.  In  the  case  of 
H  =  .25  inch  referred  to  100,000  lbs.  of  cane  containing  12% 
fiber  per  hour  let  it  be  taken  that  this  bagasse  contains  50% 
fiber;  this  selection  is  entirely  arbitrary  and  represents  excep- 
tionally well  crushed  material ;  if  instead  of  H  =  .25  we  put 
H  =  .20  and  calculate  the  work  done  we  find 

r  ® 

-5  9.5   /       1-5  I-5\ 

9.5  .20     =    ^  (  .60      -  .20       )  =  1467  mch  lbs. 

J    .20 

corresponding  to  an  expenditure  of  87  H.  P.  Similarly  the  maxi- 
mum pressure  to  which  the  layer  of  bagasse  will  be  subjected 
can  be  found  by  solving  the  equation 

9.5 

.25 

whence  P  =  29687  lbs.  per  sq.  in.  The  percentage  of  fiber  in  a 
column  of  bagasse  .20  inch  high  can  be  found  if  the  composition 
of  a  column  at  any  height  is  known  by  the  use  of  the  relation 
R  +  J  =  C  experimentally  found  and  described  on  page  . . . 

Let  the  column  of  bagasse  .25  inch  high  contain  50%  fibre 
and  50%  juice  and  consider  a  column  standing  on  a  base  of 
1  sq.  in.  then  in  this  volume  of  material  there  are  contained  .00855 
lb.  fibre  and  .00855  lb.  juice ;  let  the  height  of  the  column  of  ba- 
gasse be  decreased  to  .20  inch;  then  .05  c.  in  juice  will  be  ex- 
pressed. If  the  specific  gravity  of  the  juice  be  taken  as  1.03 
one  cu.  in.  weighs  .037  lb. ;  there  is  hence  expressed  .00185  lb.  of 
juice  and  the  composition  of  the  bagasse  is  .00855  lb.  fibre  and 
.00670  lb.  juice  or  56.0%  fibre  and  44.0%  juice. 

In  the  annexed  table  I  have  calculated  out  for  values  of  H  from 
.20  to  .30  the  maximum  pressure,  (i.  e.,  the  pressure  at  the  line 
of  nearest  approach)  the  horse  power  and  the  percentage  of  fiber 
in  the  bagasse  all  as  before  being  referred  to  100,000  lbs.  of  cane 
per  hour : 
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Height  of  cnolumn 

Pressure  at  line 

of  bagasse — 

of  nearest 

Inches  H. 

approach. 

.20 

29700 

.21 

23200 

.22 

18300 

.23 

14700 

.24 

11900 

.25 

9700 

.26 

7990 

.27 

6590 

.28 

5500 

.29 

4610 

.30 

3910 

Horse  power 
necessary. 

87 
71 
59 
49 
41 
35 
30 

25 

*>*> 

^^ 

19 
16 


Fiber  %  in 
bagasse. 

56.0 
54.6 
53.4 
52.2 
51.1 
50.0 
49.0 
47.9 
46.9 
46.0 
45.1 


In  considering  the  results  shown  in  this  table  it  must  be  re- 
membered that  they  are  only  relative,  that  is  to  say,  they  are 
based  on  an  assumed  composition  of  bagasse  for  one  particular 
value  of  H  whence  all  the  other  values  followed ;  in  addition  in 
the  experiments  connecting  volume  of  fiber  and  pressure  the 
highest  pressure  reached  was  11940  lbs.  per  sq.  in.  and  the  re- 
lation H^  P  =  C  is  known  to  be  true  only  so  far;  with  higher 
pressures  the  exponent  must  increase  and  any  increase  within 
the  limits  of  the  table  under  discussion  would  increase  the  quanti- 
ties tabulated  in  the  second  and  third  columns. 

The  reverse  calculations,  namely  to  find  the  composition  of 
the  bagasse  when  the  tonnage  of  cane  treated  varies  and  the  horse- 
power remains  constant  follows  readily.  As  a  basis  of  calcu- 
lation let  it  be  taken  that  with  a  certain  horsepower  available 
100,000  lbs.  of  cane  with  12%  fibre  are  crushed  so  that  H  =  .25 
inch  and  the  bagasse  contains  30%  of  fibre;  let  the  quantity  of 
cane  be  doubled  the  horsepower  available  remaining  the  same; 
the  composition  of  the  bagasse  is  required.  Let  x  be  the  value 
assumed  by  H  under  the  new  conditions. 


Then2iA^9.5^(^^2"- 


1—5 


X    )  =  5.901 


x  =  .602 


That  is  to  say  the  bagasse  will  be  of  a  height  .602  at  the  line 
of  nearest  approach. 

This  height  corresponds  to  a  height  of  .301  inch  when  the 
quantity  of  cane  milled  is  100,000  lbs.  per  hour  at  which  height 
(cf  table  on  page  21)  the  bagasse  contains  45.1%  of  fibre;  it  is 
thus  seen  that  large  increases  in  the  tonnage  of  cane  milled  are 
accompanied  by  comparatively  small  decreases  in  the  fibre  con- 
tent of  the  bagasse,  the  power  available  remaining  unchanged. 
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Fig.   21 


Direction  of  Resultant  Force  in  a  Three  Roller  Mill,  In  Fig. 
21  let  the  circles  represent  the  three  rollers  of  a  conventional 

three  roller  mill ;  let  it  be  as- 
sumed that  the  pressure  due 
to  the  bagasse  acts  along  the 
lines  joining  the  centers  of 
top  and  front  roller  and  top 
and  back  roller. 

Along  0,  O2  set  off  a  dis- 
tance Oi  Ai  proportional  to 
the  pressure  exerted  by  the 
bagasse  in  its  passage  be- 
tween the  top  and  front 
roller;  along  0^  O3  set  off  0^ 
Ag  proportional  to  the  pres- 
sure exerted  by  the  bagasse 
in  its  passage  between  the 
top  and  back  roller;  through 
A2  draw  a  parallel  to  0  Aj  or  through  A,  draw  a  parallel  to 
0  A2 ;  let  these  lines  meet  at  B ;  then  O^  B  represents  in 
magnitude  and  direction  the  resultant  line  of  action  of  the  pres- 
sure due  to  the  passage  of  the  bagasse ;  Oj  B  may  then  be  called 
the  position  of  No  Side  Thrust  for  if  the  hydraulic  pressure  be 
applied  along  this  line  no  side  thrust  will  result  from  the  passage 
of  the  bagasse  between  the  rollers. 

If,  however,  the  conventional  symmetrical  design  of  mill  head- 
stock  be  considered  the  magnitude  and  direction  of  the  side  thrust 
can  be  thus  obtained.  From  Oj  draw  Oi  C  in  the  direction  in 
which  the  hydraulic  pressure  is  applied  and  set  off  O^  C  equal 
in  magnitude  to  this  pressure;  then  B  C  represents  the  side 
thrust  in  magnitude  and  direction. 

This  is  the  general  construction  in  its  simplest  form  whence 
passage  may  be  made  to  a  consideration  of  the  actual  condi- 
tion as  deduced  from  the  experiments  already  described.  A 
typical  setting  for  one  of  the  latter  mills  in  a  train  is — front 
opening  .625  inch,  back  opening  iron  to  iron ;  with  100,000  lbs. 
cane  passing  in  one  hour  at  25  feet  per  minute  in  a  78"  mill  the 
line  of  nearest  approach  of  top  and  back  roller  was  taken  as  .25 
inch,  corresponding  to  a  maximum  pressure  of  9700  lbs.  per 
sq.  in.  and  to  a  mean  pressure  of  2075  lbs.  per  sq.  in.  over  the 
whole  region  of  pressure.  With  an  opening  of  .25  inch  at  the 
back  roller  under  working  conditions  the  front  opening  becomes 
.875  inch ;  referring  to  the  results  tabulated  on  page  . .  it  will 
be  seen  that  a  height  H  of  .935'^  corresponds  to  a  pressure  o£ 
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83  lbs.  per  sq.  in.  and  a  height  of  .7 10"  corresponds  to  a  pres- 
sure of  162  lbs.  per  sq.  in.  Let  it  be  taken  that  a  pressure  corre- 
sponding to  a  height  of  .875  inch  is  100  lbs.  per  sq.  in. ;  this  is 
then  the  maximum  pressure  on  the  bagasse  in  its  passage  between 
the  top  and  front  roller ;  the  mean  pressure  over  the  whole  region 
of  pressure  will  be  much  less ;  let  it  be  taken  as  50  lbs.  per  sq.  in. 
then  on  following  the  construction  to  obtain  the  position  of  the 
line  of  no  side  thrust  it  will  be  seen  that  under  the  accepted  con- 
dition (see  Fig.  22)  this  line  is  deflected  only  a  trifle  from  the 

line  joining  the  centers  of  the 
top  and  back  rollers;  that  is  to 
say  the  pressure  exerted  by  the 
layer  of  bagasse  in  its  passage 
between  the  top  and  front 
roller  is  so  small  in  comparison 
with  that  exerted  in  its  passage 
between  top  and  back  roller 
that  it  may  be  neglected  in  so 
far  as  the  line  of  no  side  thrust 
Fig.  22  is  concerned. 

Effect  of  Elasticity  of  Bagasse  on  the  Position  of  the  Line  of 
No  Side  Thrust.  The  above  construction  for  the  determination 
of  the  position  of  the  line  of  no  side  thrust  assumes  that  the  pres- 
sure due  to  the  layer  of  bagasse  acts  along  the  line  joining  the 
centers  of  the  rollers ;  on  page  44  reasons  were  given  for  be- 
lieving that  the  pressure  exerted  by  the  layer  of  bagasse  after 
it  has  passed  the  line  of  nearest  approach  of  the  rollers  is  neg- 
ligible. The  direction  of  the  line  of  no  side  thrust  its  magnitude 
and  the  point  of  application  may  be  obtained  by  the  following 
graphic  construction. 

In  Fig.  24  the  arc  represents  a  part  of  the  circumference  of  a 
roller  of  34"  diameter ;  the  point  0  being  a  point  on  the  line  of 
nearest  approach.  Let  the  pressure  due  to  the  layer  of  bagasse 
be  considered  as  uniform  on  strips  ^"  wide  for  the  standard 
conditions ;  then  these  pressures  may  be  obtained  from  the  curve 
in  Fig..  17,  and  they  act  normal  to  the  circumference  of  the 
roller,  that  i  sto  say  along  the  radii. 

Then  the  construction  to  obtain  the  resultant  of  these  pressures 
is  as  follows:  The  points  1,  2,  3,  etc.,  are  the  mid-points  of  the 
strips  into  which  the  layer  of  bagasse  is  supposed  divided. 
From  the  curve  Fig.  17  the  pressure  at  these  mid-points  are  9380, 
8280,  6340,  etc.,  lbs.  per  sq.  in.  Along  the  radius  from  the  point  1 
set  off  the  line  1,  1  to  represent  0380  lbs.,  from  the  end  of  this  line 
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draw  12  parallel  to  the  radius;  from  the  point  2  set  off  a  length 
23  to  represent  8280  lbs. ;  similarly  for  the  other  strips  and 
eventually  the  broken  line  11234,  etc.,  is  obtained:  join  the  initial 
and  final  point  of  the  broken  line  giving  the  line  1,  13:  this  line 
represents  in  magnitude  and  directions  the  resultant  of  all  the 
pressures  acting  on  the  roller ;  since  all  these  forces  act  through 
the  center  the  resultant  must  act  also  through  the  center;  hence 
the  point  of  application  of  the  resultant  is  obtained  by  drawing  a 
line  through  the  center  parallel  to  1,  13:  let  this  line  be  R  R:  by 
measurement  R  R  cuts  the  circumference  .810  inch  from  the  line 
of  nearest  approach  of  the  rollers.  That  is  to  say  in  a  mill 
working  under  the  adopted  conditions  the  resultant  line  of  action 
of  the  forces  acting  on  the  top  roller  passes  through  the  center  of 

the  top  roller  and  cuts  the 
circumference  at  a  distance 
of  .810  inch  from  the  line 
of  nearest  approach  of  the 
top  and  back  roller. 

Referring  again  to  Fig. 
23  and  scaling  off  the  line 
1,  13  it  was  found  to  be 
7.25  inches  long:  the  scale 
adopted*  was  1"  =  5000 
lbs.  and  it  represents  there- 
fore a  pressure  of  36250 
lbs.  on  a  strip  .25  inch  wide 
and  78  inches  long;  the  to- 
tal pressure  then  is  36250  x 
78  X  .25  lbs.  =  343  tons; 
on  page  . .  by  taking  the 
area  of  the  cur\^e  a  total 
pressure  of  364  tons  was 
obtained;  the  difference  is 
of  course  due  to  errors  of 
approximation  in  obtaining 
the  area  of  the  curve  and 
in  the  construction  of  the 
Fig.  24  ^o^ce  polygon. 

The  position  of  the  line  of  no  side  thrust  may  also  be  obtained 
by  analytical  methods  thus :  Since  each  elementary  force  act- 
ing on  the  circumference  of  the  roller  passes  through  the  center 
the    resultant    must    also    pass    through    the    center.      Another 


Illustration  is  not  drawn  according  to  this  scale. 
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point  on  P*'  (Fig.  24)  may  be  obtained  if,  since  a  is  small, 
all  the  elementary  forces  are  considered  as  parallel  to  each  other 
and  parallel  to  O  M. 

The  point  I  in  which  the  resultant  P^  intersects  the  parallel 
A  B'  to  the  tangent  at  O  may  be  determined  by  its  distance 
d  from  O  M,  since  from  the  theory  of  moments. 
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The  divisor  in  this  equation  has  already  been  found  and  is 
the  force  P  ^ 

To  obtain  the  numerator  we  have 
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and  since  P?  is  known  the  distance  d  is  capable  of  calculation. 
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Summary.  The  experiments  described  and  developed  in  the 
preceding  pages  are  summarized  below : 

1.  The  amount  of  juice  expressed  from  chopped  cane  sub- 
jected to  a  direct  pressure  increases  with  the  degree  of  fineness 
of  the  material. 

2.  After  chopped  cane  has  been  pressed  to  a  certain  pres- 
sure a  further  notable  quality  of  juice  can  be  obtained  by  re- 
leasing the  residue  from  pressure  and  pressing  again. 

3.  The  pressure  at  which  juice  begins  to  flow  from  bagasse  is 
not  a  measure  of  the  pressure  at  which  it  has  been  pressed. 

4.  With  the  pressure  remaining  constant  greater  percentages 
of  juice  are  obtained  from  chopped  cane  as  the  quantity  of  ma- 
terial under  pressure  decreases. 

5.  With  chopped  cane  the  sum  of  the  volumes  of  expressed 
juice  and  residue  remains  constant. 

6.  At  pressures  up  to  60  lbs.  per  sq.  in.  the  volume  of  bagasse 
varies  inversely  as  the  2.5th  root  of  the  pressure. 

7.  At  pressures  from  500  lbs.  per  sq.  in.  to  12000  lbs.  per 
sq.  in.  the  volume  of  bagasse  varies  inversely  as  the  5th  root  of 
the  pressure. 

8.  The  quantity  of  juice  obtained  from  chopped  cane  varies 
as  the  12th  root  of  the  pressure. 

9.  It  is  not  to  be  supposed  that  the  relations  formulated  in 
6,  7.  8  above  are  of  the  same  degree  of  exactness  as  the  P  V  =  C 
law  for  gases  or  any  fundamental  physical  law :  actually  the 
exponent  in  the  equations  increases  as  a  function  of  the  pres- 
sure: at  the  higher  pressures  the  increase  is  however  very  slow 
and  the  simpler  expression  may  be  used  to  develop  a  theory  of 
the  strains  and  stresses  in  the  three  roller  mill. 

10.  The  pressure  exerted  by  the  layer  of  bagasse  in  its  pass- 
age between  the  top  and  front  roller  of  a  standard  three  mill  is 
small  compared  with  that  exerted  in  its  passage  between  the  top 
and  back  roller,  and  probably  amounts  to  about  one-fortieth, 
with  settings  such  as  are  in  common  use. 

11.  The  line  of  no  side  thrust  in  a  three  roller  mill  of  stand- 
ard design  is  only  a  little  deflected  from  the  line  joining  the 
centers  of  the  top  and  back  rollers. 

12.  From  consideration  of  the  equation  H"  P  =  C,  the  pres- 
sure on  the  trash  turner,  the  power  therein  absorbed,  the  pres- 
sure on  the  rollers,  the  power  required  to  compress  bagasse,  etc., 
can  be  calculated  either  by  analytical  or  by  graphic  methods.  It 
is  to  be  distinctly  understood  that  all  these  calculations  are  rela- 
tive and  that  the  accuracy  of  the  numerical  results  arrived  at  de- 
pend on  the  accurate  determination  of  the  value  of  H°  P  for 
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one  particular  set  of  conditions;  in  other  words,  **if  the  power 
required  to  compress  t  tons  of  fibre  in  one  hour  to  a  volume  V  is 
p  then  the  power  required  to  compress  t'  tons  of  fibre  in  one 
hour  to  a  volume  V  is  p'  as  deduced  from  consideration  of  the 
equation  of  H°  P  =  C." 

13.  It  has  been  shown  in  the  preceding  pages  that  the  pres- 
sure exerted  by  the  bagasse  in  its  passage  between  the  top  and 
front  roller  is  very  much  less — probably  about  one-fortieth — 

than  that  exerted  in  its  passage  between  the  top  and  back  roller, 
that  is  to  say  the  strain  in  the  conventional  three  roller  mill  are 
symmetrical  and  as  much  metal  is  used  in  the  feed  side  and  in 
the  front  roller  as  in  the  delivery  side  and  in  the  back  roller. 
The  logical  application  of  the  experiments  described  here  would 
indicate  that  the  front  roller  be  regarded  solely  as  a  feed  roller 
and  would  point  to  a  two  roller  mill  with  a  small  feed  roller  as 
being  the  rational  design  for  the  later  mills  of  a  train. 

In  a  two  roller  mill,  however,  the  pressure  exerted  by  the  layer 
of  bagasse  will  not  be  in  a  vertical  line  but  following  the  con- 
struction given  on  page  56  will  pass  through  a  point  .810  inches 
from  the  line  of  neares^  approach  of  the  rollers ;  in  a  mill  with 
rollers  superimposed  vertically  there  will  then  be  a  small  side 
thrust,  due  to  the  slow  recovery  of  bagasse  after  compression. 
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THE  INFLUENCE  OF  MOLASSES  ON  NITRIFICATION 

IN  CANE  SOILS. 


By    S.    S.    Peck. 

In  Bulletin  No.  34,  Agricultural  and  Chemical  Series,  this 
Station  reported  results  of  experiments  dealing  with  the  effect 
of  molasses  additions  on  the  transformation  of  nitrogen  in  soils, 
when  the  nitrogen  was  added  as  sulphate  of  ammonia,  nitrate 
of  soda,  or  inorganic  forms  as  pej)tone.     These  experiments 
were  conducted  either  by  measuring  the  changes  effected  in 
definite  solutions,  or  in  small  quantities  of  soil  kept  under  con- 
stant conditions  of  temperature  and  moisture.     It  was  found 
that  molasses  accelerated  denitrification  and  nitrogen  fixation, 
but  retarded  ammonification  and  nitrification.    The  conclusions 
reached  from  the  data  obtained  in  these  investigations  were: 
1.  Molasses  applied  at  intervals  upon  land  on  which  cane  is 
growing  and  fertilizer  has  been  applied  will  work  harm  by  de- 
stroying nitrates  already  supplied  or  by  preventing  the  forma- 
tion of  nitrates  from  other  sources  of  nitrogen  supplied  in  the 
fertilizer.     2.  Molasses  applied  to  land  lying  fallow  or  at  an 
interval'of  several  weeks  prior  to  the  planting  of  the  crop  may 
produce  beneficial  results  by  providing  a  stimulus  to  the  nitro- 
gen-fixing bacteria  of  the  soil  and  thereby  adding  a  store  of 
nitrogen  to  the  soil  in  a  form  which  can  be  made  readily  avail- 
able to  the  crop  at  a  later  date  by  the  other  organisms  in  the 
soil.     It  was  cautioned  that  the  results  should  be  accepted  with 
some  reservation,  since  all  the  conditions  were  exaggerated  con- 
siderably over  those  which  exist  under  cultural  conditions  in 
the  cane  fields.     The  conditions  in  lysimeter  experimentvS,  how- 
ever, approach  more  closely  to  those  of  field  practice  and  the 
experiments  reported  in  this  Bulletin  were  planned  with  the 
object  of  comparing  the  results  with  those  obtained  in  the  pre- 
vious tests.     In  addition  other  experiments  and  more  complete 
analyses  of  drainage  waters  were  performed,  with  the  idea  of 
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obtaining  a  more  thorough  record  of  the  action  of  molasses  in 

soils. 

Soil    Used. 

The  soil  employed  was  taken  from  the  surface  ten  inches  of 
the  Experiment  Station  field.  A  sufficient  amount  was  gathered 
to  more  than  fill  twenty-four  lysiraeters.  These  lysimeters  were 
the  same  as  were  used  in  obtaining  data  for  Bulletin  Xo.  37, 
Agricultural  and  Chemical  Series.  They  are  made  of  galvan- 
ized iron,  painted  inside  with  asphalt  paints  Each  lysimeter  is 
two  feet  in  height  by  eight  inches  in  diameter,  the  bottom  being 
perforated  with  small  openings.  A  piece  of  coarse  sacking, 
above  which  was  three  inches  of  sand,  held  the  column  of  soil. 
The  soil  was  sifted  through  a  sieve  with  quarter-inch  openings. 
Forty  pounds  were  sufficient  to  fill  a  lysimeter  to  within  a  dis- 
tance from  the  top  convenient  for  applying  the  water.  The 
soil  at  the  time  of  filling  contained  11.13  per  cent  of  water,  and 
was  slightly  alkaline  to  litmus.  The  following  are  the  figures 
obtained  by  the  usual  method  of  soil  examination: 

Mechrniieal  Analysis. 

Loss  on  ignition 20.53 

Coarse  grits 8.01 

Fine  grits 4.59 

Coarse  sand 2.88 

Mediimi  sand 8.97 

Fine  sand 25.13 

Coarse  silt 13.17 

Fine  silt 14.76 

Clay 1.96 

Agricultural  Analysis. 

Soluble  silica 23.48 

Insoluble  silica 19.40 

Iron  oxide 
Aluminum  oxide 

Manganese  oxide 34 

Lime 1.88 

Magnesia 4.82 

Potash   16 

Soda 15 


} 36.77 
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Phosphoric  oxide 77 

Sulphuric  oxide 24 

Chlorine 01 

Organic  and  volatile  matter 11.51 

Nitrogen 18 

Soluble  in  One  per  Cent  Aspartic  Acid  Sohdion. 

lime 0.156 

Phosphoric  oxide 0.0087 

Potash 0.0403 

In  Giltay's  solution,  10  grams  of  soil  reduced  the  nitrate 
content  from  24.6  milligrams  per  100  cc.  to  5.2  milligrams  in 
two  days ;  twenty-four  hours  later  all  the  nitrate  nitrogen  had 
disappeared.  The  same  amount  of  soil  produced  in  a  1  per 
cent  peptone  solution  161  milligrams  of  ammonia  nitrogen 
after  a  lapse  of  nine  days.  In  Omelianski's  ammonium  sul- 
phate solution,  6  milligrams  of  nitric  nitrogen  were  formed 
in  four  weeks;  and  in  a  li/>  per  cent  mannite  solution,  8  milli- 
grams of  nitrogen  were  fixed  in  21  days.  On  beef  agar  there 
were  developed  organisms  at  the  rate  of  2,300,000  per  gram 
of  dry  soil.  The  Station  soil  is  an  extremely  fertile  one,  and 
the  regular  treatment  it  receives  tends  to  conservie  its  fertility. 
The  number  of  organisms  shows  it  to  be  well  supplied  with 
bacterial  life,  and  the  biochemical  changes  recorded  demon- 
strate that  the  four  phases  of  nitrogen  transformation  are  well 
represented  by  their  respective  micro-organisms.  The  alkaline 
reaction  is  favorable  to  the  functioning  of  the  beneficial  bac- 
teria, especially  as  regards  those  concerned  with  nitrification. 

Plan  of  Experiments. 

The  series  comprised  twenty-four  lysimeters.     Six  acted  as 

checks  on  the  respective  treatments;  to  the  balance,  nitrogen 

was  added  at  the  rate  of  100  pounds  per  acre.    The  nitrogenous 

dressings  are  indicated  below: 

Nos.  1,     7,  13,  19.       Nothing. 
"      2,     8,  14,  20.       Nitrate  of  soda. 
"      3,     9,  15,  21.       Sulphate  of  ammonia. 
"      4,  10,  16,  22.       High  grade  tankage. 

"      5,  11,  17,  23.  )  One-third   each   as  nitrate,   sulphate 

"      6,  12,  18,  24.  )       of  ammonia  and  tankage. 
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In  Nos.  6,  12,  18  and  24,  lime  carbonate  was  thoroughly  in- 
corporated with  the  surface  three  inches  of  soil. 

Series  1  to  6,  inclusive,  were  irrigated  with  water  alcme. 
In  series  7  to  12,  inclusive,  at  each  irrigation  there  was  added 
the  ash  equivalent  of  40  gallons  of  molasses  per  acre-foot  of 
3,000,000  ix)unds.  In  series  of  13  to  18,  inclusive,  at  each  irri- 
gation molasses  at  the  rate  of  40  gallons  per  acre-foot  was 
added.  In  series  19  to  24,  inclusive,  molasses  at  the  rate  of 
400  gallons  per  acre-foot  was  applied  one  week  before  the 
first  irrigation. 

The  molasses  used  was  of  the  following  composition: 

Nitrogen 0.27%  Potash    5.68% 

Silica 0.28  Soda 0.65 

Iron  and  alumina  . . .   0.04  Sulphuric  oxide 1.58 

Lime 0.84  Phosphoric  oxide  ....  0.18 

Magnesia 0.99  Chlorine 3.66 

It  was,  of  course,  impossible  to  accurately  duplicate  the  in- 
organic ash  of  the  molasses,  since  some  of  the  bases  are  com- 
bined with  organic  acids.  It  was  desired,  however,  to  approxi- 
mate as  close  as  possible  to  the  mineral  contents,  aud  a  solution 
was  prepared  of  such  strength  that  10  cubic  centimeters  rep- 
resented the  ash  of  3  grams  of  molasses,  this  being  the  amount 
apportioned  to  a  lysinieter  to  represent  40  gallons  of  molasses 
per  acre-foot.  The  molasses  ash  was,  for  this  purposes,  assumed 
to  be  composed  as  follows: 

Potassium  chloride 7.69% 

Potassium  sulphate 1.53 

Magnesium  sulphate 1.32 

Calcium  phosphate 0.40 

All  the  inorganic  acid  radicals  are  thus  represented;  a  con- 
siderable proportion  of  the  magnesia  and  lime  and  all  of  the 
soda  were  lacking,  but  it  is  not  felt  that  the  absence  of  these 
smaller  (proportionately)  constituents  affected  the  results  of 
the  experiments. 

The  general  purpose  of  the  experiments  was  as  follows :  To 
measure,  by  analyses  of  drainage  waters,  the  amounts  of  nitric 
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nitrogen  produced  from  ammonium  sulphate  or  tankage,  under 
the  influence  (a)  of  a  large  application  of  molasses;  (b)  un- 
der the  influence  of  the  same  amount  of  molasses,  but  applied 
in  smaller  amounts  at  regular  intervals;  (c)  under  the  influ- 
ence of  the  mineral  matter  of  molasses  applied  at  regular  in- 
tervals; to  measure  the  loss  of  any  nitric  nitrogen  from  nitrate 
of  soda  imder  the  same  conditions;  to  ascertain  if  carbonate  of 
lime  exerts  a  corrective  influence  on  the  adverse  action  of  mo- 
lasses, under  the  same  conditions.  Since  it  was  impossible  to 
measure  this  last  effect  on  each  form  of  nitrogen,  on  account 
of  lack  of  ly  si  meters,  the  composite  nitrogen  series  was  intro- 
duced. In  this  series  one-third  of  the  nitrogen  comes  from 
each  of  the  forms  in  the  tests  preceding,  viz.,  nitrate  of  soda, 
sulphate  of  ammonia,  and  high  grade  tankage.  There  are, 
therefore,  two  such  tests  in  each  series  of  six,  one  with  lime 
carbonate,  the  other  without. 

The  weighed  quantity  of  soil  being  placed  in  each  lysimeter, 
sufficient  water  was  added  to  each  until  about  two  liters  were 
drained,  away.  A  week  later  the  lime  carbonate  was  applied 
to  Xos.  6,  12,  18  and  24,  and  30  grams  of  molasses  dissolved 
in  water  to  Xos.  19  to  24,  inclusive;  the  same  amount  of  water 
was  added  to  each  of  the  other  tests,  so  as  to  preserve  the  moist- 
ure conditions  as  near  alike  as  possible.  At  the  end  of  an- 
other week,  the  fertilizing  elements  were  stirred  in  the  surface 
three  inches  of  soil,  with  sufficient  water  for  solution  of  the 
soluble  elements.  The  first  irrigation  was  applied  one  week 
after  the  introduction  of  the  fertilizers,  and  repeated  at  inter- 
vals of  two  weeks  until  10  irrigations  had  been  effected.  Suf- 
ficient water  was  used  each  time  to  give  two  liters  of  drainage. 
This  drainage  was  analyzed  at  once  for  nitrogen,  chlorine,  total 
minerals  and  alkalinity.  A  quarter  of  the  drainage  water  of 
each  was  evaporated  to  small  bulk  and  set  aside  for  analysis. 
These  concentrated  solutions  were  united  at  the  end  of  the 
experiments  and  analyzed  for  lime,  magnesia,  potash,  soda, 
sulphuric  and.  phosphoric  oxides. 

It  was  found  early  that  there  were  but  small  and  unimport- 
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ant  amounts  of  ammonia  nitrogen  and  only  traces  of  nitrite 
nitrogen  in  the  drainage.  As  in  Bulletin  37,  these  amounts 
were  accordingly  rejmrted  along  with  the  nitric  nitrogen. 

Results  of  the  Experiments. 

In  Table  I,  the  amounts  of  nitric  nitrogen  obtained  in  each 
leaching,  expressed  as  milligrams  of  nitrogen,  are  given.  In 
tests  1,  7,  13  and  19,  this  nitrogen  comes  from  the  oi^anic 
nitrogen  of  the  soil.  In  the  remainder,  the  nitrogen  originates 
both  from  the  soil  and  004.8  milligrams  of  nitrogen  added  in 
the  various  fertilizer  forms. 


TABLE  1. 

(Nitric  Nitrogen  leached  at  each  irrigation,  in  milligrams.) 


Irriga- 
tioo 
No. 


1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
10.. 


LYSIMETER  NUMBER. 


64.0 
58.5 
39.5 
43.9 
41.0 
44.5 
53.2 
52.5 
44.1 
42.8 


Total.!  484.0 


2 

3 

4 

5 

6 

65.3 

7 

8 

9 

87.4     74.8 

64.7 

71.2 

64.6 

7C.0 

67.2 

133. Oi   53.2 

60.2 

83.7 

94.4 

59.9 

140.1 

63.1 

197.41   82.7 

61.7 

106.9 

117.4 

44.0 

221.6 

64.7 

156.5 

146.2 

105.8 

122.9 

145.6 

42.2 

147.8 

127.5 

9G.1 

163.1 

106.3 

114.7 

115.1 

43.7 

89.7 

145.0 

66.2  151.2 

100.7 

93.4 

87.4 

46.9 

57.7 

155.0 

69.4 

139.2 

106.2 

101.5 

81.9 

51.7 

46. 2 

142.9 

47.4 

79.8 

79.2 

77.6 

63.0 

53.7 

51.1 

89.1 

53.6     52.9 

62.4 

59.2 

50.2 

41.7 

46.1 

61.3 

42.0     48.2 

41.8 

53.8 

48.3 
868.6 

43.1 
491.5 

42.6 
918.9 

50.6 
966.4 

949.0 

991.3 

789.0 

884.9 

10*  !      II 


67.4 
57.3 
58.6 
89.4 
74.9 
64.8 
73.8 
41.0 
37.2 
34.3 


698.7 


76.0 

86.0 

125.7 

134.5 

123.7 

110.2 

110.7 

59.0 

47.1 

45.5 

918.4 
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79.0 

90.7 

131.4 

145.5 

125.9 

97.7 

81.0 

60.9 

48.9 

47.0 


908.9 


LYSIMETER  NUMBER. 
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1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
10.. 


Total. 


62.2 
58.6 
45.9 
36.0 
29.4 
34.7 
30.2 
24.5 
24.4 
26.9 
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59. 
138. 
236. 
146. 

59. 

70. 

36. 

28. 

30. 

22. 


372.8  830.2 


15 

16 

17 

18 

19 

20 

21 

22 

23 

64.3 

64.6 

66.5 

79.3 

62.9 

64.8 

73.4 

64.8 

65.1 

66.2 

66.4 

94.5 

92.4 

64.9 

111.1 

63.1 

66.8 

90.3 

84.2 

65.3 

121.0 

116.3 

33.6 

167.3 

85.3 

54.7 

100.2 

134.8 

83.4 

122.8 

119.0 

34.3 

152.3 

95.2 

88.2 

103.2 

110.9 

77.6 

90.5 

77.1 

37.5 

91.4 

98.0 

97.2 

102.4 

147.0 

93.0 

99.4 

88.5 

47.4 

67.2 

180.2 

100.8 

86.9 

103.0 

71.8 

69.0 

70.7 

42.6 

51.1 

130.9 

94.3 

72.6 

52.1 

45.3 

41.0 

41.2 

42.0 

39.8 

56.8 

73.5 

50.5 

40.5 

34.1 

33.3 

28.6 

33.9 

28.7 

41.4 

60.1 

32.4 

25.7 

28.2 
629.7 

24.0 
762.0 

27.6 

24.6 
423.7 

21.0 
794.7 

25.7 
850.0 

44.4 

24.1 

828.7 

740.7 

744.8 

727.7 

24 


60.1 
88.2 
90.0 
111.8 
99.0 
98.6 
80.4 
58. G 
49.3 
41.4 

777.4 


*  See  note,  page  17. 
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In  the  next  tables  the  amounts  of  total  minerals  and  chlorine, 
in  milligrams,  removed  at  each  irrigation  are  given,  and  the 
alkalinity  in  t^rms  of  tenth  normal  alkali. 


krigB- 
tion 
No. 


I.. 
2.. 
3.. 
4.. 
6.. 
C 
7.. 
8.. 
9.. 
10.. 

Total. 


TABLE  II. 

(Total  Mineral  Matter  removed  each  irrigation,  in  milligrams.) 

LYSIMETBR  NUMBER. 


1 

2 

3 

4 

5 

1,148 

1,223 

1,228 

1,197 

1,222 

1,030 

1,813 

1,053 

1,055 

1,297 

725 

1,700 

1,065 

966 

1,193 

615 

1,554 

1,750 

1,310 

1,425 

623 

1,130 

2,015 

1,210 

1,336 

677 

967 

1,882 

1,145 

1,229 

894 

934 

2,009 

1,518 

1,601 

882 

853 

983 

1,285 

1,328 

849 

974 

1,120 

1,280 

1,404 

821 

743 

1,050 

816 
11,782 

886 

8,204 

11,891 

14,155 

12,921 

1,233 
1,319 
1,300 
1,768 
1,387 
1,294 
1,452 
1,158 
1,104 
842 


12,857 


1,136 
1,019 
542 
733 
813 
806 
841 
841 
852 
1,021 

8,604 


8 


1,108 
1.580 
1,535 
1,687 
1,017 

938 
1,032 
1,042 

829 
1,008 

11,776 


10 


1,114 
1,012 
713 
1,357 
1,637 
1,682 
1,977 
1,C31 
1,156 
1,376 

13,655 


1,102 

1,005 
729 
957 
693 
867 

1,324 
455 
960 

1,068 


II 


1,170 
1,196 
1,072 
1,198 
1,193 
1,397 
1,255 
1,292 
1,034 
770 


9,160,11,577 


12 


1,226 
1,321 
1,184 
1,308 
1,438 
1,165 
1,386 
1,338 
973 
1,126 

12,525 


LYSIMETBR  NUMBER. 
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1.  . 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
10.. 

Total 


1,085 
986 
772 
759 
660 
949 

1,003 
826 

1,020 
896 


14 


15 


1,068 
1,662 
2,116 
1,395 
8861 
1,057! 
l,066j 
l,06fl 
l,088i 


16 


92; 


1,125 
977 
1,111 
1,501 
1,257 
2,316 
2,022 
1,390 
1,547 
704 


8,962  12,327  13,950 


1,135 
1,358 
1,040 
1,2051 
1,0531 
1,726 
1,348 
1,303 
1,218 
1,142 


17 

16 

19 

20 

21 

22 

23 

1,185 

1,222 

1,188 

1,228 

1,314 

1,352 

1,421 

1,440 

1,422 

1,483 

1,889 

1,472 

1,523 

1,452 

1,440 

1,380 

1,440 

1,469 

1,123 

1,632 

1,743 

1,399 

1,325 

1,227 

1,979 

1,333 

1,626 

1,560 

1,102 

1,181 

858 

1,229 

1,308 

1,543 

1,565 

1,823 

1,711 

1,201 

1,132 

2,610 

1,094 

1,269 

1,680 

1,480 

966 

1,110 

2,727 

1,370 

1,328 

1,377 

1,208 

831 

802 

1,164 

1,106 

1,099 

1,180 

1,173 

709 

701 

992 

1,131 

1,068 

905 

968 

592 

534 

769 

757 

860 

3,531 

13,070 

10,495 

12,073 

14,818 

13,140 

13,365 

24 


1,333 
1,444 
1,522 
1,953 
1,442 
1,139 
1,396 
1,272 
1,091 
957 

13,549 
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InigS' 
tioa 

No. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

Total . 


TABLE  III. 

(Chlorine  removed  each  irrigation,  in  milligramB.) 


LYSIMETER  NUMBER. 


1.  . 
2.. 
3.. 
4.. 
5.. 
(J.. 
7  , 
8.. 
9.. 
10.. 

Total . 


I 

2 

3 

13G 

4 
134 

1 
5 

140 

6 

138 

1 
7 

1 

8 
138 

9   1 

10 

il  ' 

12 

138 

130 

141 

144 

141 

( 

138 

138 

139 

110 

125 

'  163 

133 

127 

129 

104 

114 

126 

114 

122 

110 

106 

96 

147 

118 

108 

120 

117 

99 

150 

122 

125 

105 

128 

lOG 

131 

101 

116 

150 

163 

143 

156 

149 

151 

9G 

120 

107 

106 

117 

112 

160 

168 

102 

110 

162 

175 

97 

128 

114 

100 

109 

113 

102 

170 

165 

120 

215 

191 

132 

157 

154 

138 

146 

156 

206 

230 

243 

219, 

238 

249 

129 

143 

149 

149 

151 

144 

224 

222 

236 

176 

238 

258 

102 

115 

104 

137 

109 

102 

199 

190 

219 

228 

219 

217 

95 

87 
1.23G 

103 
1,194 

99 
1,304 

104 
1,228 

100 
1,216 

208 
1,705 

198 
1,700 

220   243 
1,755  1.669 

214 

207 

1,143 

1,809  1,833 

LYSIMETER  NUMBER. 


13 


14 


15 


16 


17 


16 


119 
132 
140 
156 
123 
179 
229 
209 
226 
216 

1,729 


124 
103 
140 
181 
145 
206 
257 
231 
238 
201 


121 
120 
131 
161 
130 
207 
288 
267 
281 
217 


1,826  1,923 


132 
162 
176 
188 
173 
232 
243 
236 
245 
228 


120 
126 
141 
161 
145 
211 
284 
271 
268 
214 


19 


20 


123 

132 

139| 

165' 

145 

228| 

262! 

257 

286 

228 


2,015;i,941|l,965 


125' 
299 
505 
3921 
254 
200! 
173 
142 
125, 
93 


136 
335 
423 
422 
307 
160 
167 
145 
135 
105 


2,308i2,335 


21 


22 


130 
271 
415 
359 
233 
323 
268 
125 
105 
81 


188 
408 
478 
420 
243 
190 
180 
147 
122 
97 


2,310|2,473 


23 


24 


185 
372 
436 
334 
264 
192 
183 
146 
133 
103 


172 
332 
415 
402 
252 
21G 
186 
148 
132 
108 


2,34812,363 
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Iniga- 
tioo 

No. 


1. 
2. 
3. 
4. 
5. 
C. 
7. 
8. 
9. 
10. 


Total. 


1 


Total. 


26 
17 
13 
10 
11 
11 
17 
18 
21 
27 

171 


TABLE  IV. 

(Alkalinity  of  each  Irrigation,  as  10th  normal  alkali.) 


LYSIMETER  NUMBER. 


24 
15 
12 
14 
14 
12 
16 
17 
23 
24 


171 


3 

4 

5 
33 

6 
20 

33 

30 

17 

19 

17 

17 

15 

11 

11 

9 

9 

11 

9 

9 

10 

9 

10 

9 

10 

10 

9 

8 

15 

22 

12 

12 

18 

26 

15 

15 

29 

11 

15 

11 

23 

36 

19 

17 

179 

185 

150 

133 

27 

16 

8 

7 

9 

8 

10 

13 

13 

24 

135 


24 
14 
11 
14 
10 
10 
12 
13 
11 
18 

137 


9 


27 
20 
12 
9 
9 
10 
15 
17 
13 
22 

154 


10 

11 

30 

23 

16 

12 

13 

11 

12 

10 

12 

9 

14 

10 

48 

15 

11 

38 

35 

17 

42 

24 

233 

169 

LYSIMETER  NUMBER. 


13 

14 

15 
14 

16 

17 

38 
20 

19 
22 

14 

18 

20 

24 

14 

10 

10 

15 

14 

12 

22 

15 

10 

13 

15 

13 

12 

IC 

15 

14 

11 

16 

22 

15 

19 

12 

9 

5 

13 

6 

7 

15 

13 

11 

7 

17 

14 

13 

32 

15 

16 

14 

19 

29 

16 

35 

13 

12 

10 

18 

20 

13 

35 

17 

19 

14 

24 

24 

17 

45 

16 

21 

21 

17 

25 

15 

37 

144 

140 

119 

174 

191 

140 

278 

23 


12 


23 
22 
11 
12 
12 
12 
15 
18 
21 
27 

173 


24 


22 

27 

21 

30 

17 

20 

21 

26 

14 

10 

28 

26 

47 

34 

40 

34 

55 

42 

52 

52 

323    I    307 
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In  Table  V  will  be  found  the  total  weights  of  silica,  lime, 
magn(»sia,  potash,  so<la,  sulphuric  oxide  and  phosphoric  oxide 
recovered  in  drainage  waters. 


TABLE  V. 

(Total  weights  of  elements  removed  in  grams.) 


Lysimeter 
Number 

Silica 

Lime 

Bfagnesia 

Potash 

Soda 

Sulphuric 
Oxide 

415.6 

Phos- 
phoric 
Oxide 

1 

586.4 

930 

449.8 

176.2 

1,163 

36 

2 

580.8 

1,405 

705.7 

248.7 

1,214 

408.1 

34 

3 

484.0 

1,670 

989.4 

264.6 

1,327 

1,730.9 

32 

4 

540.4 

1,300 

673.9 

242.5 

1,013 

585.0 

34 

5 

552.4 

1,400 

580.5 

251.8 

1,156 

785.2 

32 

6 

530.0 

1,375 

692.3 

242.1 

1,185 

866.9 

32 

7 

520.8 

1,055 

511.0 

202.9 

963 

474.6 

44 

8 

368.8 

1,470 

826.6 

239.4 

1,117 

498.6 

56 

9 

556.0 

1,865 

1,032.9 

277.4 

1,255 

1,522.5 

60 

10 

360.0 

1,315 

658.7 

179.6 

975 

447.8 

90 

11 

514.0  1,625 

834.2 

229.7 

1,169 

920.3 

62 

12 

509.2  1,690 

901.1 

271.6 

1.206 

977.3 

80 

13 

539.6 

1,045 

472.6 

177.3 

979 

528.1 

32 

14 

572.0 

1,470 

716.6 

238.6 

1,134 

488.3 

26 

15 

838.4;  1,875 

990.9 

270.4 

1,254 

1,510.0 

24 

16 

626.0  1,305 

699.9 

241.7 

1,184 

687.8 

28 

17 

595.2  1,640 

878.0 

257.6 

1,219 

994.4 

28 

18 

523.2   1,525 

780.3 

239.0 

1,160 

922.4 

24 

19 

574.0  1,465 

771.7 

246.8 

1,165 

729.0 

56 

20 

468.4  1,855 

960.5 

269.7 

1,241 

707.8 

56 

21 

527.6.  2,270 

1,163.1 

277.0 

1,388 

1,772.8 

24 

22 

530.4  2,158 

860.2 

279.0 

1,309 

795.1 

55 

23 

336.4  1,975 

1,022.0 

274.3 

1,336 

1,001.3 

94 

24 

527.2 

1,655 

1,006.1 

253.0 

1,381 

1,172.7 

86 

The  results  will  probably  be  better  understood  if  given  as 
pounds  per  acre-foot.  On  the  basis  of  3,000,000  pounds  to  the 
acre-foot,  Table  VI  has  Ixn^n  calculated  from  the  data  just 
given. 
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TABLE  VI. 

(Total  weights  of  elements  removed,  pounds  per  acre.) 


Lysimeter 
Number 

Nitric 
Nitrogen 

Lime 

Magnesia 

Potash 

Sulphuric 
Oxide 

Chlorine 

1 

80 

164 

74 

29 

66 

189 

2 

157 

232 

117 

41 

68 

204 

3 

164 

270 

1G4 

44 

286 

198 

4 

131 

215 

111 

40 

97 

216 

6 

146 

232 

96 

42 

130 

203 

6 

144 

227 

115 

40 

143 

201 

7 

81 

174 

85 

34 

79 

282 

8 

152 

243 

137 

40 

82 

281 

9 

160 

309 

171 

46 

252 

290 

10 

99 

217 

109 

30 

74 

276 

11 

152 

209 

138 

38 

152 

299 

12 

150 

279 

149 

45 

162 

303 

13 

02 

173 

78 

29 

87 

286 

14 

137 

243 

119 

40 

81 

302 

15 

137 

310 

164 

45 

250 

318 

16 

104 

226 

115 

40 

97 

333 

17 

126 

271 

145 

43 

164 

330 

18 

123 

252 

129 

40 

153 

325 

19 

70 

242 

129 

41 

121 

381 

20 

131 

307 

159 

45 

117 

386 

21 

141 

375 

192 

46 

293 

382 

22 

123 

357 

142 

46 

132 

409 

23 

120 

327 

169 

45 

165 

388 

24 

129 

274 

166 

42 

194 

391 

Discussion    of    Results. 
(a)  Nitrogen. 

The  principal  object  of  this  investigation  was  the  study  of 
the  alterations  in  nitric  nitrogen  in  soils  as  influenced  by  mo- 
lasses fertilization.  The  conclusions  in  this  respect  are  based 
on  the  assumption  that  the  principal  limiting  influence,  as  re- 
gards nutrient  material,  in  the  growth  of  a  cane  crop  in  Ha- 
waii is  the  available  nitrogen  in  the  soil ;  and  that  nitric  nitro- 
gen is  the  principal  source  of  supply  of  this  element  to  the  cane. 
The  importance  of  nitrogen  to  this  crop  has  been  repeatedly 
demonstrated  in  field  trials  and  plantation  experience.  The 
form  in  which  nitrogen  is  assimilated  by  the  plant  has  usually 
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been  accepted  to  be  in  that  of  nitrate  combination.  It  has  re- 
cently been  developed  by  agricultural  investigators  that  certain 
crops  can  derive  their  nitrogen  supply  from  other  sources ;  but 
it  is  safe,  with  our  present  knowle<lge,  to  postulate  that  if  nitric 
nitrogen  is  not  the  only  source  of  nitrt^en  absorption  by  the 
cane,  it  is  at  least  the  chief  source.  On  these  premises  the  writer 
has  in  this  Bulletin  designated  any  treatment  by  which  tlie 
amount  of  nitric  nitrogen  has  been  suffered  a  reduction,  as 
being  due  to  a  harmful  influence. 

The  molasses  used  in  these  testa  contained  13  per  cent  of 
mineral  matter,  52  per  cent  sugars,  0.27  per  cent  nitrogen  and 
20  per  cent  of  water,  the  balance  being  composed  of  gums,  or- 
ganic acids,  etc.  Four  series  with  similar  nitrogen  treatments 
and  varying  molasses  applications  were  carried  out,  and  may 
be  defined  as  follows: 

A — Nothing. 

B — Molasses  ash  each  irrigation,  equivalent  to  40  gallons  of 
molasses  per  acre. 

C — Molasses* each  irrigation,  equivalent  to  40  gallons  of  mo- 
lasses per  acre. 

D — Molasses  equivalent  to  400  gallons  per  acre  applied  one 
week  before  the  first  irrigation ;  subsequent  irriga- 
tions Avith  water  onlv. 

By  comparison  between  series  B  and  C,  it  was  hoped  to 
ascertain  how  much  of  the  harmful  effects,  if  any,  were  due 
to  the  mineral  matter  of  the  molasses ;  by  comparison  of  C  and 
D,  it  was  expected  that  some  differences  might  be  observed  as 
to  the  eifect  of  molasses  applied  at  one  time,  and  w^hen  applied 
at  regular  intervals,  the  sum  total  of  the  application  being  the 
same. 

In  Table  VII,  the  amounts  of  nitric  nitrogen  in  pounds  per 
acre  are  compared. 
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TABLE  VU. 

(Nitric  nitrogen  recovered  from  soil  nitrogen,  and  nitrogenous  fer^ 
tilizations  at  the  rate  of  100  pounds  of  Nitrogen  per  acre,  in  pounds 
per  acre.) 


Series 

o 

Nitrate  of 
Soda 

Sulphate  of 
Ammonia 

a 

08 
Eh 

B 

Si 

Three  forms 
and  Lime 
Carbonate 

Average** 

A 

80 
81 
62 
70 

157 
152 
137 
131 

164 
160 
137 
141 

131 
99» 
104 
123 

146 
152 
126 
120 

144 
150 
123 
129 

138 

B 

139 

C 

117 

D 

118 

It  is  evident  that  in  all  instances  the  molasses  worked  a 
harmful  effect,  and  that  this  effect  was  not  due  to  the  mineral 
matter,  but  the  organic  substances  in  the  molasses.  In  view 
of  the  results  reported  in  Bulletin  Xo.  34,  it  is  safe  to  say  that 
this  harmful  influence  was  due  to  the  sugars  in  the  molasses. 
Comparison  of  results  of  series  A  and  B  shows  no  significant 
differences,  the  average  of  all  figures  giving  an  advantage  of 
only  one  pound  where  the  mineral  matter  of  the  molasses  was 
added. 

Soil  Nitrogen — The  most  serious  loss  in  nitrate  nitrogen  was 
shown  in  lysimeter  13 ;  here,  where  there  was  no  fertilizer  added, 
and  molasses  at  each  irrigation,  there  were  obtained  18  pounds 
of  nitrogen,  or  22.5  per  cent  less  than  where  no  molasses  was 
used,  although  there  were  13  pounds  of  nitrogen  added  with 
the  molasses,  a  portion  of  which  at  least  might  have  contributed 
to  the  nitrate  content  in  the  drainage.  The  molasses  evidently 
acted  as  a  check  to- the  ammonification  and  subsequent  nitrifica- 
tion of  the  organic  nitrogenous  soil  compounds.  Where  the 
molasses  was  applied  at  one  time,  the  injurious  effects  were 
most  apparent  at  the  third  irrigation,  five  weeks  after  the  ap- 

♦  After  the  third  irrigation,  this  lysimeter,  No.  10,  became  cloeeed 
up  and  refused  to  drain.  The  soil  thus  became  water-logged  and  thP 
results  cannot  be  used.  ^^  *^  ^°^  ^'^^ 

^*  EiXcluding  Tankage  tests. 
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plication.  Thereafter  there  was  a  constant  rise  until  the  sixth 
irrigation,  followed  by  a  drop  to  the  minimum  content  at  the 
last.  The  total  loss  amounted  to  10  pounds,  or  12.5  per  cent 
less  than  the  check.  Where  the  smaller  quantity  of  molasses 
was  applied  at  each  irrigation,  there  was  a  general  drop  in 
nitrate  content  from  the  first  irrigation  to  the  eighth,  after 
which  there  was  but  little  change.  It  would  appear  that  after 
the  disappearance  of  the  sugars  of  the  molasses  in  series  D,  the 
soil  was  able  to  regain  some  of  its  original  powers  of  ammonifi- 
cation  and  nitrification ;  with  fresh  molasses  being  supplied  at 
two  weeks'  intervals,  these  powers  were  continually  kept  in 
check. 

Nitrate  of  Soda — Figuring  on  the  basis  of  the  nitrogen  ob- 
tained from  the  soil  nitrogen  as  being  the  same  under  all  con- 
ditions of  nitrification,  77  per  cent  of  the  nitrc^n  supplied  as 
nitrate  of  soda  was  recovered  in  the  test  where  water  alone  was 
used,  and  but  little  less,  75  per  cent,  where  molasses  was  added 
at  each  irrigation.  This  is  to  be  expected,  since  the  greater  part 
of  the  nitrate  recovered  was  leached  out  in  the  second,  third 
and  fourth  irrigations,  before  the  effect  of  the  molasses  as  a 
denitrifying  accelerator  was  sufficient  to  produce  large  differ- 
ences. As  may  be  seen  by  reference  to  Table  I,  after  the  fourth 
irrigation,  both  tests  showed  a  big  drop  in  nitrate  content  of 
drainage,  which,  after  the  seventh  irrigation,  was  but  little 
different  from  the  tests  where  no  nitrate  had  been  applied. 
In  sc^ries  D,  the  nitrate  solution  was  in  contact  with  the  heavy 
molasses  application  for  seven  days  before  irrigation  and  drain- 
age was  started.  The  denitrification  processes  were  thus  able 
to  prixluce  a  sensible  decrease  in  the  amoimt  of  nitrate  recov- 
ered, only  61  per  cent  of  that  applied  passing  into  the  drain- 
age, or  an  increased  loss  of  14  per  cent  over  the  more  frequent 
molasses  additions. 

Atnmonium  Sidpheie — The  nitrogen  of  this  material  must 
be  converted  by  micro-organisms  into  nitrate  compounds  be- 
fore any  considerable  amounts  are  leached  from  the  soil.  The 
nitrate  content  reached  its  maximum  at  the  fifth  or  sixth  irri- 
gation,  thereafter  declining,  until   at  the  last  irrigation,  the 
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nitrate  content  approached  closely  to  that  from  the  unfertilized 
tests.  Eighty-four  per  cent  of  that  added  was  recovered  in  the 
irrigation  water  where  no  molasses  was  added.  Seventy-five 
per  cent  and  71  per  cent  were  recovered,  respectively,  with  mo- 
lasses additions  in  repeated  and  single  additions.  The  molasses 
has  thus  been  responsible  for  the  loss  of  from  10  to  15  per  cent 
of  the  nitrogen  applied  as  sulphate  of  ammonia. 

Tankage — This  material  being  much  slower  in  its  transforma- 
tion into  nitrate  compounds,  only  51  per  cent  was  recovered 
after  10  irrigations  with  water,  and  12  per  cent  with  molasses 
added  each  time.  In  series  D,  whilst  there  were  8  pounds  of 
nitrogen  less  recovered  in  all  than  in  series  A,  53  per  cent  of 
the  tankage  nitrogen  was  accounted  for.  It  is  evident  that, 
as  with  the  organic  nitrogen  of  the  soil,  the  influence  of  mo- 
lasses on  organic  nitrogen,  as  in  tankage,  is  more  adverse  the 
more  frequent  the  applications. 

Three  Forms  of  Nitrogen — These  tests  were  for  the  purpose 
of  ascertaining  what  influence  the  presence  of  lime  carbonate 
would  have  on  the  action  of  the  molasses  on  the  work  of  the 
nitrogen  transforming  organisms.  A  recent  article*  states,  rela- 
tive to  the  use  of  molasses  as  a  fertilizer,  that  "the  results  ob- 
tained from  its  use  on  soils  containing  sufficient  amounts  of 
carbonate  of  lime  are  as  good  as  are  produced  by  rotation,  in- 
tensive cultivation  and  fertilization.  This  is  probably  due  to 
the  fermentation  of  the  molasses  in  the  soil,  which  greatly  as- 
sists soil  renovation."  We  do  not  believe  that  these  conclusions 
are  generally  justified.  Molasses  applied  to  land  lying  fallow 
will  stimulate  the  activity  of  the  nitrogen-gathering  azotobacter 
and  enrich  the  soil  in  this  respect  to  a  degree  corresponding  to 
their  activities.  These  organisms  require  an  alkaline  medium 
for  favorable  functioning,  and  carbonate  of  lime  is  usually  em- 
ployed in  the  laboratory  culture  tests.  But  these  organisms  are 
aerobic,  and  unless  the  soil  is  well  aerated,  will  not  perform 
their  full  duties.  The  benefit  is  not  derived  from  a  renovation 
of  the  soil  by  the  fermentation  of  the  molasses,  but  from  the 

♦  International  Sugar  Journal,  January,  1911,  p.  29. 
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eflFect  of  the  stimulus  to  these  organisms  from  the  carbohydrates 
eontaine<l  in  the  mola^ssc^s.  It  is  freely  granted  that  molasses 
applied  to  soil  whieh  is  lying  fallow  may  produce  an  appreciable 
and  profitable  In^nefit,  and  that  an  alkaline  reaction  of  the  soil 
due  to  calcium  carbonate  is  desirable ;  and  that  if  instead  of  one 
week,  a  longer  period,  of  say  two  months,  had  been  allowed  be- 
tween the  application  of  the  larger  quantity  of  molasses  and  the  • 
addition  of  the  fertilizers,  the  results  in  series  D  of  the  experi- 
ment's rei)orted  here  might  have  Ix^en  quite  different  in  regard 
to  nitric  nitrogen  re(»overed  in  drainage.  But  when  the  cane  is 
growing  and  rcn^eiving  artificial  nitrogenous  manures,  the  con- 
ditions which  obtain  are  quite  dissimilar.  The  expression  "fer- 
mentation of  the  molasses"  is,  moreover,  apt  to  be  misleading. 
This  would  generally  be  supposed  to  refer  to  alcoholic  fermenta- 
tion. But  Stoklasa  and  Vitek*  have  found  that,  under  anaero- 
bic conditions,  alcohol  will  produce  a  reaction  corresponding  to 
the  formula 

CgHeO  +  N2O5  =  2CO2  +2NH3 

That  is,  the  important  nitric  nitrogen  will  be  changed  into 
ammonia,  and  in  this  shai)e  will  be  lost  to  the  plant,  or  neces- 
sitate a  return  of  conditions  whereby  it  may  again  be  trans- 
formed back  into  the  nitrate  form.  Fermentation,  however, 
mav  not  necessarily  be  alcoholic.  Thus,  it  mav  refer  to  acetic, 
lactic,  butyric,  or  viscous  transformations  of  the  carbohydrates 
of  the  molasses,  according  to  the  organism  or  organisms  creat- 
ing the  transformation.  It  is  to  be  observed,  in  a  general  way, 
that  an  alkaline  medium  is  less  favorable  to  these  ferments  than 
an  acid,  and  from  the  fact  that  the  author  quoted  states  that 
the  presence  of  carbonate  of  lime  is  essential  for  good  results 
from  molasses  fertilization,  we  may  ccmclude  that  the  beneficial 
results  come  from  the  influence  on  the  azotobacter,  and  not  from 
changes  in  the  soil  induced  by  fermentative  changes  of  the 
molasses. 

Examining  the  figures  of  all  four  series,  in  Table  VIT,  it 
will  be  seen  that  the  four  lysimeters  fertilized  with  the  three 

♦  Central  Blatt  f.  Bakt.  2,  1905,  p.  110. 
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forms  of  nitrogen  produced  the  same  amount  of  nitrate  nitro- 
ffen  with  and  without  the  addition  of  calcium  carbcmate.  With- 
out  this  addition,  the  total  amount  was  544  pounds,  and  with 
the  carbonate,  546  pounds.  Observing  the  results  from  the  mo- 
lass(»s  irrigations,  the  carbonate  caused  a  slight  decrease  where 
the  molasses  was  applie<l  in  small  amounts,  and  an  increase  of 
9  pounds  when  the  molasses  was  given  to  the  soil  in  one  appli- 
cation. It  is  possible  that  during  the  seven  days  in  which  the 
molasses  was  in  lysimeter  24,  under  the  favorable  influence  of 
the  calcium  carbonate,  that  the  activitv  of  the  azotobacter  and 
the  nitrogen  stored  uf)  by  them  was  sufficient  to  cause  this  de- 
cided increase.  In  laboratory  experiments  with  this  soil,  it  was 
found  that  in  three  weeks'  time  there  were  fixed  by  the  soil  8 
milligrams  of  nitrogen  per  gram  of  carbohydrate.  While  the 
increase  in  one  week  is  not  necessarily  an  arithmetical  propor- 
tion, calculating  on  this  basis,  the  400  gallons  of  molasses  should 
have  caused  the  fixation  of  7.G  j)ounds  of  nitrogen.  On  the 
tests  where  only  organic  nitrogen,  from  the  soil  or  soil  and 
tankage,  were  j)resent,  the  continual  addition  of  molasses  was 
more  harmful  than  when  applied  at  one  time.  In  the  soil 
alone,  the  advantage  in  favor  of  the  latter  treatment  auiounted 
to  8  pounds;  with  a  further  addition  of  organic  nitrogen  in 
tankage,  this  diflFerence  increased  to  19  pounds.  Now  when 
the  three  forms  of  nitrogen  were  sup])lied,  the  large  application 
of  molasses  works  more  adversely  than  the  smaller  repeated  ap- 
l)lications  with  respect  to  the  water-soluble  forms,  nitrate  of 
soda  and  suljdiate  of  ammonia,  but  more  favorably  as  regards 
the  organic  form.  The  latter  increase  is  not  sufficient  to  coun- 
terbalance the  loss  in  the  water-soluble  forms;  but  when  a  i)os- 
sible  8  pounds  more  of  readily  decouii)osal)le  nitrogen  is  added 
to  the  soil  through  the  stimulation  of  the  azotobiicter  by  the 
lime  carbonate,  an  additional  9  pounds  of  nitrate  nitrogen  is 
received  in  the  drainage. 

From  the  average  figures,  the  conclusions  to  be  drawn  are 
that  the  ash  of  the  molasses  has  no  effect  on  the  nitrification 
in  the  soil,  but  molasses  applications  reduce  the  formation  of 
nitrate  nitrogen  by  15.2  or  14.5  per  cent,  when  applied  at  the 
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rate  of  400  gallons  to  the  acre  in  ten  successive  portions  or  in 
one  application^  re^)eetively. 

Mineral    Matters   Removed. 
The  proi)ortionate  amount  of  mineral   matter-^  removed  is 
shown  graphically  on  Chart  1.  A  fairly  regular  agreement  oc- 
curs between  the  lime,  magnesia,  i)ota8h  and  soda,  a  rise  or  fall 
in  one  being  generally  accompanied  by  a  like  change  in  the  re-  ^ 

mainder.  In  the  tests  receiving  100  pounds  of  nitrc^n  per 
acre  as  ammonium  sulphate,  a  pronounced  increase  in  the 
amounts  of  sulphuric  oxide  found  in  the  drainage  results,  ac-  p- 

companied  by  decided  gains  in  the  other  mineral  matters. 
A  lesser  gain  is  exhibited  where  one-third  of  the  nitrogen  was  ^ 

supplied  in  this  form,  while  the  increase  of  the  other  minerals  y 

was  corresjwndingly  diminished.  Nitrate  of  soda  increased  the 
lime  removal  considerablv,  but  to  a  lesser  extent  than  ammo- 
nium  sulphate;  the  magnesia,  potash  and  soda  were  affected  ^ 

in  the  same  manner.  The  amounts  of  chlorine  recovered  varied 
naturally  with  the  amount  added  in  the  molasses;  where  the  / 

molas«es  or  molasses  ash  was  added  in  small  amounts,  only  a  / 

[mrtion  of  the  chlorine  added  was  recovered;  if  the  irrigations  *^ 

had  been  continued  all  would  have  been  recovered,  since  in 
series  D,  where  the  molasses  was  added  at  one  time  and  sub-  • 
jeeted  to  ten  irrigations,  there  were  found,  as  shown  in  Table 
VIII,  ,an  average  of  171  pounds  more  chlorine  in  the  waters 
than  in  those  of  the  check  tests,  almost  accoimting  for  the  179 
pounds  added  in  the  molasses.  Of  the  other  minerals,  only  the 
magnesia  corresponded  in  the  extra  amount  removed  to  that 
suj)plied  in  the  molasses,  being  50  pounds,  as  compared  with 
4J)  pounds  added.  There  were  41  pounds  of  lime  added,  but 
twice  as  much,  81  jwunds,  recovered;  this  is  explained  by  the 
action  of  the  extra  chlorine  and  sulphuric  oxide  in  the  soil 
waters  of  this  series  on  the  lime  compounds.  Of  279  pounds 
of  potash  added,  only  4  pounds  drained  away;  the  well-known 
fixing  power  of  Hawaiian  soils  of  this  element  is  again  ex- 
hibited here.  Of  the  78  pounds  of  sulphuric  oxide  added  as 
molasses,  40  pounds  were  still  retained  by  the  soil  at  the  ex- 
piration of  the  experiment.. 
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Eifed  of  Treatments  on  Each  Form  of  Nitrogen  Fertilization. 

For  the  purpose  of  better  comparison,  the  results  of  eax3h 
treatment  on  the  added  nitrogen  have  been  drawn  to  scale  and 
are  given  in  Charts  2,  3,  4,  5,  6  and  7. 

In  general  the  changes  in  the  amounts  of  the  various  minerals 
removed  will  be  found  to  be  very  close  to  those  pointed  out  in 
the  previous  discussion.  Some  divergences  are  noticed,  and  are 
naturally  to  be  expected.  Thus,  in  the  most  of  the  tests,  a  large 
increase  in  the  amount  of  sulphuric  oxide  removed  is  noticed 
in  the  experiments  of  series  D,  where  the  molasses  was  applied 
in  one  application.  An  exception  is  noted  in  the  experiments 
with  ammonium  sulphate,  where  the  large  amounts  originating 
with  the  fertilizer  partially  masked  the  effects  of  molasses  as 
regards  soluble  sulphates.  This  is  also  partially  true  in  the 
case  where  ammonium  sulphate  supplied  a  third  of  the  nitro- 
gen; in  one  case,  Chart  6,  the  amounts  removed  with  the  two 
forms  of  molasses  applications  were  identical ;  in  the  other 
case,  Chart  7,  there  was  the  usual  evidence  of  increase,  but 
not  to  the  same  extent  as  in  the  other  similar  tests.  The  gen- 
eral relation  between  the  amounts  of  soluble  lime  and  sulphuric 
oxide  is  well  exemplified  in  these  smaller  charts.  In  Chart  8 
and  Table  VIII  the  results  of  the  averages  from  the  various 
forms  of  molasses  treatment  are  given. 

TABLE  VIII. 

Average  results,  excluding  tankage  experiments. 


Pounds  per  Actrk 

• 

Nitric 
Nitro- 
gen. 

Chlo- 
rine 

Lime 

Mag- 
nesia 

Potash 

Soda 

Sul- 
phuric 
Oxide 

Check 

138 
139 
117 
118 

199 
291 
313 
370 

224 
255 
250 
305 

113 
136 
127 
163 

39 

41 
39 
43 

200 
189 
190 
215 

139 

Molasses  ash 

145 

Molasses.  10  applica- 
tions   

147 

Molasses,    1    applica- 
tion   

178 
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The  table  and  chart  show  that  the  inclusion  of  molasses  ash 
with  the  irrigation  water  had  no  eflFect  on  the  nitrifying  power 
of  the  soil ;  that  the  organic  matter  of  the  molasses  depressed 
this  power  very  considerably ;  that  the  increase  of  chlorine  no- 
ticed from  the  molasses-ash  to  the  rei)eated  molasses  applica- 
tions had  but  little  effect  on  the  solubility  of  the  other  mineral 

« 

elements,  and  that,  with  one  application  of  molasse**,  along  with 
a  decided  increase  in  chlorine,  there  was  a  large  increase  in 
sulphuric  oxide,  accompanied  by  correspondingly  larger  amounts 
of  the  other  mineral  matters  leached  from  the  soil. 

Alkalimty, 

The  drainage  waters  throughout  the  test  reacted  alkaline  to 
methyl  orange.  It  is  indicated  that  in  spite  of  the  nitrification 
of  ammonium  sulphate,  and  the  combination  of  the  released 
acids  with  lime  and  magnesia,  there  was  a  sufficiency  of  these 
elements  in  the  soil  to  prevent  any  change  in  the  alkalinity  of 
the  soil  waters.  Where  molasses  was  applied  at  one  time,  there 
was  a  decided  increase  in  the  alkalinity ;  in  the  other  tests,  w^ith 
the  exception  of  lysimeter  10,  where  the  drainage  w^as  imper- 
fect, there  are  but  little  and  irregular  differences  to  be  noted. 
In  no  case  did  the  alkalinity  reach  sufficiently  high  proportions 
to  lead  to  the  belief  that  nitrification  was  interfered  with  from 
this  cause.  The  highest  degree  of  alkalinity  was  noticed  in 
lysimeter  21  after  the  seventh  irrigation;  this  was  equivalent 
to  but  3.2  parts  of  scnlium  bicarbonate  per  100,000  of  dry  soil, 
an  amount  which  would  scarcely  prcxluce  any  adverse  effects. 

Continued  fertilization  with  sulphate  of  ammonia  may  even- 
tually cause  a  soil  to  l)ecome  acid,  due  both  to  the  releasing  of 
the  sulphuric  ion  and  the  gradual  depletion  of  the  soil  in  its 
lime  content.  Such  has  been  the  experience  at  Kothamste^l, 
but  Prof.  Harrisf)n  has  found  in  British  Guiana  that  the  water 
of  a  soil  which  had  received  sulphate  of  ammonia  dressings  for 
several  successive  years  showed  the  same  alkalinity  as  the  soil 
water  of  land  which  had  been  fertilized  with  nitrate  of  soda 
for  an  equal  period  of  time.     It  is  evident  that,  as  with  other 
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agricultural  practices,  no  set  law  can  be  established  with  re- 
spect to  the  action  of  sulphate  of  ammonia  in  all  soils,  although 
it  is  extremely  probable  that  in  a  soil  naturally  poor  in  lime 
the  acidic  nature  of  the  sulphate  of  ammonia  dressings  will 
eventually  display  itself. 

The  proportions  and  amounts  of  elements  removed  in  these 
experiments  are  not  the  same  as  would  occur  when  the  soil  is 
supporting  a  growth  of  cane.  Lyon  and  Bizzell*  have  shown 
that  extensive  differences  obtain  in  this  respect,  when  analyzing 
the  drainage  water  from  large  tanks  of  soil,  in  one  series  of  which 
nothing  was  planted,  while  in  others  maize  and  oats  were  grow- 
ing. They  found  that  three  times  as  much  total  solids  were 
removed  from  the  unplanted  than  from  the  planted  soil,  whilst 
the  loss  of  nitrogen  in  the  drainage  waters  was  twelve  times 
greater  in  the  uncropped  than  the  cropped  experiments.  The 
differences  were  accounted  for  only  partially  by  the  amounts 
of  elements  removed  by  the  crops. 

Conclusion. 

The  general  conclusion  is  that  the  results  of  experiments  with 
soil  in  small  containers,  as  given  in  Bulletin  No. .  34  of  this 
Station,  are  substantiated. 

Molasses  applied  to  land  which  is  receiving  the  usual  fer- 
tilizer applications  as  practiced  in  these  Islands  will  work  harm 
by  causing  a  part  of  the  nitrogen  applied  as  nitrate  to  revert 
back  to  less  available  or  unavailable  forms  of  nitrogen;   by 

checking  the  nitrification  of  sulphate  of  ammonia  dressings; 
and  by  retarding  the  ammonification  and  nitrification  of  the 
nitrogen  of  organic  fertilizers. 

The  harmful  effect  of  molasses  dressings  is  due  entirely  to 
the  organic  constituents  of  the  molasses,  the  mineral  matters 
liaving  no  influence. 

Dressing  with  carbonate  of  calcium  does  not  correct  such  ad- 
verse action  of  molasses. 
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LETTER  OF  TRANSMITTAL 


To  THE  Experiment  Station  Committee  of  the  Hawaiian 
Sugar  Planters'  Association^ 
Honolulu^  Hawaii. 

Dear  Sirs: 

I  herewith  submit  for  publication  as  Bulletin  No.  40  of  the 
Agricultural  and  Chemical  Series,  an  article  by  Dr.  R.  S. 
Norris,  Technical  Chemist,  entitled:  "Heat  of  Combustion  of 
Bagasse  from  Hawaiian  Cane." 

Tours  very  truly, 

C.  F.  ECKART, 

Director. 
Honolulu,  February  26,  1912. 


Heat  of  G)mbustion  of  Bagasse 
from  Hawaiian  Cane. 


BY  R.  S.  NORRIS 

The  question  often  occurs  to  cane  sugar  manufacturers  why 
one  factory  uses  a  proportionately  larger  quantity  of  bagasse 
for  fuel  than  another.  Is  it  due  to  a  difference  in  bagassea, 
or  in  boilers  (including  furnaces)  or  in  the  handling  of  the 
steam  ?  One  of  the  objects  of  the  present  investigation  has 
been  to  attempt  to  answer  for  Hawaii  that  part  of  the  ques- 
tion which  has  to  do  with  the  composition  of  the  bagasse.  This 
question  has  been  investigated  to  some  extent  in  other  cane 
sugar  countries,  and  always  answered  in  the  negative,  i.  e.  but 
little  variation  has  been  found  in  the  amount  of  heat  given  off 
in  burning  samples  of  equal  amounts  of  bagasse  from  differ- 
ent factories.  Up  to  the  present  time  it  has  been  almost  the 
universal  rule  that  there  has  been  sufficient  bagasse  for  the  fuel 
requirements  of  the  factories.  But  with  the  tendency  toward 
a  demand  for  constantly  increasing  extraction  of  sugar  from 
the  cane,  and  the  possibility  of  the  introduction  of  new  vari- 
eties with  larger  percentages  of  sugar  but  less  fiber,  there  will 
come  the  necessity  for  a  closer  study  of  fuel  economv.  In  this 
case  all  the  data  that  it  is  possible  to  obtain  about  bagasse  as 
a  fuel  will  be  required. 

There  are  occasional  suggestions  for  the  use  of  bagasse  for 
other  purposes  than  as  fuel  for  running  the  factories — for  the 
manufacture  of  paper,  for  instance.  An  important  considera- 
tion in  all  such  questions  is  the  value  of  bagasse  as  a  fuel  com- 
pared with  other  forms  of  fuel.  And  in  order  to  determine 
this  it  is  necessarv  to  know  its  thermal  value  or  heat  of  com- 
bustion. 

There  is  considerable  confusion  in  the  terms  used  in  articles 
written  on  the  subject  of  fuels ;  for  instance  the  subject  of  this 
paper  can  be  found  referred  to  under  eight  different  names. 
It  will  be  well,  therefore,  to  define  the  terms  here  used.     By 
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TTtermal  Value  is  meant  the  amount  of  heat  that  a  unit  weight 
of  bagasse  furnishes  when  burned  in  oxygen.  The  unit  for 
the  measurement  of  the  heat  is  the  Calorie,  the  amount  of  heat 
required  to  raise  the  temperature  of  one  kilogram  of  water 
one  degree  centigrade.  Another  unit  is  also  sometimes  used — 
the  British  Thermal  Umt  (B.  T.  U.) — which  is  the  amount  of 
heat  necessary  to  raise  one  pound  of  water  one  de- 
gree Fahrenheit.  The  former  unit  is  more  generally  used  in 
the  discussion  of  thermal  values,  the  latter  in  boiler  tests.  The 
factor  for  passing  from  one  unit  to  the  other  is  1.8.  Fuel 
value  as  herein  used  means  available  heat  when  burned  in  a 
boiler  furnace  under  the  best  conditions.  It  depends  primar- 
ily on  the  thermal  value,  but  also  on  the  amount  of  moisture 
in  the  fuel,  the  amount  of  air  required  for  burning  and  the 
temperature  of  the  flue  gases.  One  fuel  may  be  beet  com- 
pared with  another  on  the  basis  of  their  fuel  values. 

Another  important  phase  of  the  question  of  fuels  aside  from 
their  thermal  value  or  fuel  value,  which  it  is  not  the  purpose  of 
this  paper  to  discuss,  is  that  which  has  to  do  with  furnace 
design  and  construction  and  style  of  boilers.  It  is  possible  for 
one  lot  of  bagasse  to  have  the  same  '^thermal  value"  or  "fuel 
value"  as  another  but  show  quite  diilerent  "steaming  qualities" 
when  burned  in  the  same  furnace,  because  one  requires  a  dif- 
ferent draft  or  grate  surface  for  proper  burning  than  the  other. 

PREVIOUS  WOEK. 

The  earliest  reference  to  the  thermal  value  of  bagasse  which 
the  writer  has  found  in  the  literature  of  sugar  is  an  article 
by  Robt.  Angus  Smith^  in  1869,  wherein  he  quotes  from 
Count  D'Adhemar  that  the  "heating  power  is  computed  at 
4,359  units,"  and  gives  the  chemical  composition  of  dry  bag 
asse  as 

Carbon   46.4 

Hydrogen    .   6.07 

Oxygen    45.2 

Ash    2.32 

The  bagasse  which  he  analyzed  was  "the  product  of  a  large  and 
powerful  mill  in  the  West  Indies."  From  this  analysis  Alfred 
Fryer,^  a  few  years  later,  calculated  the  thermal  value  of  dry 
bagasse  to  be  6100  B.  T.  U. 
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In  a  table  published  in  1884,  J.  Owen  Alexander^  calcu- 
lated, from  the  sugar  and  fiber  content  of  samples  of  fresh  ba- 
gasse in  Demerara,  the  percent  of  carbon  to  be  20.73  to  28.54 
and  the  thermal  value  2675  to  3683  B.  T.  U. 

Following  this  there  are  frequent  articles  on  bagasse  to  the 
present  day  in  which  the  thermal  value  of  bagasse  is  also  cal- 
culated either  from  its  elementary  constituents, — carbon, 
hydrogen  and  oxygen,  or  from  the  proportions  of  the  chemical 
compounds, — sugars,  cellulose,  etc.,  of  which  it  is  made  up. 
Calculating  the  thermal  value  in  this  way  is  but  guess  work, 
however,  and  at  best  can  give  only  approximate  results.  The 
only  way  to  determine  accurately  what  the  thermal  value  of 
bagasse  or  other  fuel  may  be  is  by  means  of  a  calorimeter — an 
instrument  in  which  the  bagasse  is  burned  and  the  heat  given 
off  measured. 

The  direct  determination  of  the  thermal  value  of  bagasse 
or  cane  fiber,  as  far  as  the  writer  knows,  was  first  made  at 
about  the  same  time  (1896)  by  Magruder*  of  the  Ohio  State 
University  and  Atwater^  of  Wesleyan  College,  Connecticut^ 
the  former  in  connection  with  some  boiler  tests  with  bagasse 
in  conjunction  with  Pharr,  and  the  latter  at  the  instance  of 
Professor  R.  T.  Burwell  of  Louisiana.  Both  tests  were  on 
Louisiana  cane  products.  Magruder  found  as  an  average  of 
three  tests  on  a  sample  of  bagasse  with  a  Mahler  bomb  calo- 
rimeter, a  thermal  value  of  4520  cal.  (8136  B.  T.  TJ.)  At- 
water^s  test  were  with  a  modified  Berthelot  bomb  calorimeter 
with  the  following  results: 

Heat  units  per  unit 
Cane  weight  of  dry  matter 

Cal.    B.  T.  U. 

1.  Purple    cane,    exhaust    chips    direct    from    diffusion 

battery  , 4622  8320 

2.  Striped  cane,  ditto   4605  8289 

3.  Purple  cane,  exhaust  chips  passed  through  labora- 

tory  mill    4616  8309 

4.  Striped  cane,  ditto   4658  8384 

Average    4625  8325 

These  latter  tests  may  be  considered  as  having  been  made 
on  cane  fiber,  since  if  there  was  any  sugar  in  the  samples 
originally  it  must  all  have  been  fermented  by  the  time  the 
tests  were  made,  as  they  stood  for  several  days  with  70  to  90 
per  cent  of  water  in  them. 

In  1904,  at  the  request  of  Gfeerligs^,  Hoogewerff  of  Delft 
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and  Koning  and  Bienfait  of  Amsterdam  determined  the 
thermal  value  of  two  samples  of  cane  fiber  and  one  of  dry  cane 
leaves,  with  the  following  results: 

Thermal  Value 
Sample  Hoogewerff    Koning  &  Bienfait 

Cal.    B.  T.  U.  Cal.    B.  T.  U. 

Cane   leaves    - 4356  7841  4115  7407 

Fiber  No.  1   4818  8672  4700  8460 

Fiber  No.  2  4641  8354  4660  8388 

Two  years  later  Koning  and  Bienfait  again  tested  some 
samples  of  fiber  for  Geerligs,''  with  the  following  results:* 

p^_.^  Thermal  Value  of  Dry  Fiber 

'"*^®  Cal.    B.  T.  U. 

Black  Cheribon  1903  4540  8172 

Seedling  No.  247,  1903  4625  8325 

"       36.   1905  4539  8170 

"     100,  1905  4442  7996 

"     105,  1905  4514  8125 

"     139,  1905  4368  7862 

Black  Cheribon,  1905    4530  8154 

Kerr*  determined  the  thermal  value  of  the  bagasse  from  a 
number  of  diilerent  mills  in  I^uisiana  and  Cuba  in  1909.  The 
average  for  sixteen  samples  of  dry  bagasse  was  4654  cal. 
(8375  B.  T.  U.).  This  is  higher  than  Magruder  found  for 
bagasse  from  Louisiana  cane  thirteen  years  previously,  due, 
probably,  to  some  extent  to  the  increased  extraction  resulting 
from  the  improvement  in  milling  that  has  taken  place  during 
the  interval. 

Taking  these  results  as  a  whole  there  is  but  little  variation 
in  them.  It  was  to  be  expected,  therefore,  that  the  same  would 
hold  true  for  bagasse  and  fiber  from  Hawaiian  cane.  For  the 
purpose  of  the  investigation  it  was  of  prime  importance  that 
the  instrument  and  method  be  capable  of  giving  correct  results. 

The  Calorimeter. 

The  standard  instrument  for  determining  the  thermal  value 
of  fuels  is  the  bomb  calorimeter,  and  though  there  are  several 
other  forms  of  calorimeters  the  results  from  them  are  only 
made  use  of  when  they  correspond  with  those  from  the  bomb 
calorimeter.  The  instrument  used  in  this  investigation  was  an 
Atwater  modification  of  the  Berthclot  bomb^.     Its  water  equiv- 


*  The  thermal  value  referred  to  in  a  postscript  to  this  article,  as 
used  by  Coates  in  a  lecture  on  bagasse  as  a  fuel,  was  quite  evidently 
taken  from  Atwater's  determinations  mentioned  above. 
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alent  was  found  from  the  combustion  of  pure  sugar  furnished 

by  the  Bureau  of  Standards  at  Washington  for  this  purpose. 

The  thermal  value  3959  cal.*  was  taken  for  the  sugar.     Using 

the  water  equivalent  found,  the  thermal  values  of  several  other 

pure  compounds  were  determined  as  follows : 

Thermal  Value 
Substance  Correct    Found 

Sucrose,  Kahlbaum  crystal   3959  3960 

Benzoic  Acid,  Bureau  of  Standards  6320  6338 

Naphthalene,  Bureau  of  Standards  9610  9616 

The  errors  were  therefore  0.03%,  0.28%  and  0.06%  re- 
spectively, which  are  not  excessive.  In  the  actual  determina- 
tions a  limit  of  +  0.6%  variation  between  duplicates  was 
adopted. 

Thermal    Value    of    Fiber    From    Different    Varieties 

OF  Cane. 

Although  bagasse  and  not  fiber  is  the  fuel  of  cane  sugar  fac- 
tories, the  bagasse  from  one  variety  of  cane  cannot  be  com- 
pared satisfactorily  with  that  from  another  on  account  of  the 
possible  variation  in  the  amount  of  juice  left  in  it  And  if 
there  is  any  considerable  diilerence  in  the  thermal  value  of  one 
sample  of  bagasse  from  that  of  another,  containing  a  similar 
amount  of  sugar,  it  must  be  due  to  the  fiber,  since  the  quantity  of 
constituents  other  than  fiber  and  sugar  is  very  small.  In 
order,  therefore,  to  determine  whether  the  variation  in  the 
amount  of  steam  obtained  in  the  factories  when  diilerent  kinds 
of  cane  are  being  ground  is  due  to  difference  in  the  thermal 
value  of  the  bagasse,  fibers  from  the  leading  varieties  of  cane 
grown  at  the  Station  and  from  standard  varieties  grown  on 
the  plantations  were  tested.  In  preparing  the  samples  of 
fiber  the  cane  was  first  put  through  the  horse-power  mill  at 
the  Station,  the  bagasse  chopped  very  fine,  washed  with  cold 
water  for  about  sixteen  hours  and  dried  in  a  vacuum  oven  at 
100**  C.  As  the  fiber  was  found  to  be  quite  hygroscopic  the 
precaution  was  taken  to  make  the  combustion  as  soon  as  pos- 
sible after  drying,  usually  the  next  day,  the  samples  being 
kept  sealed  in  the  meantime  in  Mason  fruit  jars.  From  one 
and  a  quarter  to  one  and  a  half  grams  of  the  fiber  were  used 
for  a  charge.     On  account  of  the  liability  to  variation  in  such 

*  Average  of  Berthelot's  and  Stohman's  determinations. 
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small  samples  no  attempt  was  made  to  obtain  duplicate  re- 
sults within  less  than  0.6%  of  each  other  and  the  thermal 
values  given  are  tlie  averages  of  duplicates  or  in  some  cases 
triplicates  agreeing  within  this  range. 

TABLE  I. 


Plat 

Thermal     Averag-e  circum-      Fiber 

or 

Variety 

Value 

ference  of  stalk    per 

cent 

Plantation 

Calories                inches            Cane 

I 

H 

349 

4564 

4.64 

12.6 

A 

H 

109 

4566 

4.90 

11.0 

A 

Yel. 

Cal. 

4580) 

4.86 

14.4 

F 

Yel. 

Cal. 

4594{ 

14.0 

A 

Rose  Bamboo 

4510} 

4.58 

9.6 

F 

Rose  Bamboo 

4494{ 

11.1 

A 

H 

33 

4495 

5.35 

9.7 

F 

Yel. 

Tip 

4576 

4.06 

14.2 

F 

H 

147 

4578 

5.16 

12.3 

I 

H 

156 

4598 

5.60 

11.9 

B 

H 

269 

4523 

4.63 

11.5 

F 

H 

202 

4544 

4.62 

11.4 

F 

H 

146 

4587 

4.67 

11.8 

F 

H 

227 

4521 

4.32 

10.9 

I 

H 

24 

4582 

4.57 

11.5 

D 

H 

197 

4555 

4.15 

11.6 

F 

H 

212 

4527 

4.32 

10.7 

A 

Lahaina 

4599 

9.7 

6 

u 

4555 

9.9 

D 

4 

t 

4596 

4.73 

10.0 

F 

i 

n 

4604 

11.3 

I 

1 

f* 

4636 

10.0 

F  (12  mo) 

D 

1135 

4556 

3.62 

11.2 

F  (12  mo) 

H 

27 

4500 

4.36 

10.0 

F  (12  mo) 

H 

25 

4543 

4.37 

8.8 

A 

' 

H 

309 

4581 

5.14 

9.7 

I 

H 

291 

4621 

4.72 

12.4 

D 

H 

69 

4533 

4.49 

8.2 

D 

H 

240 

4571 

4.51 

12.2 

I 

H 

167 

4622 

4.41 

12.7 

B 

H 

199 

4515 

4.67 

13.4 

E 

H 

69 

4542 

4.96 

•  *  *  * 

E 

H 

27 

4583 

5.28 

•  •  •  • 

E 

H 

20 

4613 

4.27 

•  •  •  • 

G 

H 

239 

4560 

4.18 

•  *  *  * 

G 

H 

355 

4588 

4.24 

•  •  •  • 

G 

H 

349 

4563 

3.83 

•  •  •   • 

Ewa       TiHhaina    (burned) 

4572 

•  •  •  • 

10.8 

1                          «               *t 

(not  burned) 

4599 

•  •  •   • 

10.9 

Olaa      Yel.Cal 

low    lands 

4591 

•  •  •  • 

11.8 

i                        Olaa       Yel.Cal 

high  lands 

4614 

•  •  •  • 

10.2 

;                        Kohala 

Yel. 

Cal 

4620 

•  *  *  * 

•  ■  •  • 

i                        McBryde 

Yel 

Cal. 

4615 

•  •  •  • 

13.8 

j                        McBryde 

Jjahaina 

4629 

•  •  •   • 

10.6 

11 

These  results  are  practically  the  same  as  those  obtained  for 
the  thermal  value  of  cane  fiber  in  other  countries  as  given 
above  and  show  conchisively  that  the  variation  in  the  steam 
when  different  kinds  of  cane  are  being  ground  is  not  due  to 
differences  in  the  thermal  value  of  the  bagasse.  The  maximum 
thermal  value  found  was  4636  cal.  (8344  B.  T.  U.)  and  the 
minimum  4494  cal.  (8089  B.  T.  U.)— a  difference  of  only 
three  per  cent 

An  inspection  of  tlie  table  brings  out  two  points  of  especial 
interest,  (1)  that  the  two  standard  varieties  of  cane  grown  in 
these  islands,  Lahaina  and  Caledonia,  rank  high  in  thermal 
value,  and  (2)  that  the  combination  of  high  percent  of  fiber 
and  high  thermal  value  in  Yellow  (Caledonia  gives  it  a  unique 
position  as  a  fuel  producer.  A  case  in  striking  contrast  to  the 
latter  is  that  of  Rose  Bamboo. 

Thermal  Value  op^  Bagasse. 

It  has  not  been  the  practice  in  the  discussions  on  bagasse  as 
a  fuel  to  draw  a  sharp  distinction  between  the  thermal  value  of 
bagasse  and  that  of  fiber.  But  as  the  value  of  fiber  is  higher 
than  that  of  sucrose*  it  must  therefore  likewise  be  higher  than 
that  of  bagasse,  the  difference  depending  mainly  on  the 
amount  of  sugar  in  the  latter.  In  the  samples  tested,  the  fiber 
was  found  to  have  a  thermal  value  from  one  to  four  per  cent 
higher  than  that  of  tlie  bagasse  from  which  it  was  derived. 


TABLE  IT. 

/—Thermal  Value-^ 

—Bagasse 

V             Sugar 

Variety 

%Dry 

of  Cane 

Bagasse 

Fiber 

%  Sugar 

%  Moist. 

%  Fiber  Bagasse 

H     69 

4370 

4542 

.... 

•  •   •   • 

••••                         •••■ 

H     27 

4491 

4543 

6.2 

55.2 

13.8 

H     20 

4513 

4613 

3.7 

53.6 

8.0 

H   239 

4518 

4560 

2.6 

56.4 

6.0 

H  a55 

4534 

4588 

4.7 

50.4 

42.1              9.5 

H   349 

4516 

4563 

•  •  •   • 

50.4 

45.0 

From  these  results  it  would  seem  fair  to  say  that  the  dry 
bagasse  from  the  mills  on  these  islands  has  a  thermal  value  of 
alK)ut  100  cal.   per  kilogram   less  than   the  cane   fil>er.      The 


•  See  Page  9. 
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average  value  for  all  the  samples  of  Lahaina  and  Yellow  Cale- 
donia fiber  from  cane  grown  on  the  plantations  and  at  the  Sta- 
tion is  4600  cal.  The  average  thermal  value  of  Hawaiian  ba- 
gasse  would  therefore  be  4500  cal,  per  kilogram  or  8100  B,  T. 
U.  per  pownd. 

Elementary  Chemical  Composition  of  Bagasse. 

As  cane  fiber  partakes  somewhat  of  the  nature  of  both  wood 
and  pure  cellulose,  it  would  be  expected  to  lie  somewhere  in- 
termediate between  these  two  in  elementary  composition  as 
well  as  in  thermal  value,  and  it  does  this,  but  resembles  wood 
more  than  cellulose,  as  will  be  seem  by  comparing  tables  III 
and  IV. 

TABLE  III. 


T^Z  ^-^-^-^ 


B  27 


H  27 


Bagasse 


Fiber 


Yel.  Cal.    Rind  fiber 


Yel.  Cal.    Pith  fiber 


Percent 
carbon 


Percent 
hydrogen 


48.2 

6.5 

47.9 

6.7 

48.3 

5.7 

49.0 

6.0 

48.8 

6.0 

48.7 

5.8 

48.8 

5.9 

47.3 

5.9 

47.1 

6.0 

! 


Thermal 
Value 

4491 

4545 
4608 
4393 


TABLE  IV.i« 


Wood  Pet.  carbon    Pet.  hydrogen    Therm.  Val. 

Oak    50.16  6.03  4620 

Ash    49.18  6.27  4711 

Beech 49.06  6.11  4770 

Birch     48.88  6.06  4771 

Fir    50.36  5.92  5035 

Pine     60.31  6.20  5086 


Pure  cellulose  contains  44.4%  carbon  and  6.2%  hydrogen 
and  a  thermal  value,  according  to  Berthelot,  of  4,200  cal. 

These  analyses  of  fiber  and  bagasse  are  slightly  different 
from  those  made  elsewhere  on  the  same  kind  of  materials.  On 
account  of  the  strong  attraction  that  dry  fiber  and  bagasse  have 
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for  moisture  the  precaution  was  taken  to  dry  them  for  several 
hours  immediately  before  analysis,  ^nd  to  weigh  out  the 
samples  for  combustion  as  rapidly  as  possible. 

The  bagasse  proved  to  be  lower  than  the  fiber  both  in  carbon 
and  in  hydrogen  and  the  rind  fiber  was  found  to  contain  about 
one  and  a  half  per  cent  more  carbon  than  the  pith  fiber. 

Thebmal  Value  of  Rind  and  Pith  Fiber. 

As  the  rind  was  found  to  contain  more  carbon  than  the  pith, 
it  would  probably  also  have  a  higher  thermal  value.  This  was 
found  to  be  the  case  in  each  kind  of  cane  compared  in  this  way. 

TABLE  V. 


Variety 
of  cane 

Tissue 

%  Cane 

Fiber   % 
cane 

Thermal 

value  of 

Fiber 

H  24 

Rind 

20.7 

31.0 

4631 

Pith 

79.3 

9.8 

4412 

Yel.  Cal. 

Rind 

22.9 

33.8 

4608 

Pith 

77.1 

10.1 

4393 

H  24 

Rind 

32.5 

21.2 

4672 

Pith 

67.5 

6.6 

4549 

The  rind  fiber  was  therefore  about  4%  higher  in  thermal 
value  than  the  pith  fiber.  This  would  tend  toward  giving  canes 
with  stalks  of  small  diameter  a  higher  value  than  those  with 
large  stalks,  but  an  examination  of  Table  I  shows  that  this  in- 
fluence is  overcome  by  other  variations  in  the  cane.  On  an 
average  the  fiber  of  canes  with  large  stalks  has  as  high  a  ther- 
mal value  as  that  from  small  stalks. 

Thebmal  Value  of  Fiber  From  Nodes  and  Internodes. 

Just  as  the  rind  and  pith  tissue  differ  structurally,  so  does 
that  of  the  nodes  and  internodes,  ^^  and  we  should,  therefore, 
expect  a  difference  in  the  thermal  value  of  the  latter  also. 
There  is  a  difference,  but  not  as  great  as  between  the  rind  and 
pith  fiber. 

TABLE  VI. 


Variety 
of  cane 

Lahalna 
Yellow  Cal. 


Tissue 

5       Nodes 
Internodes 
Nodes 
)    Internodes 


! 


Fiber 
%    cane 

19.5 
11.9 
20.1 
13.4 


Thermal  Value 
of  Fiber 

4666 
4597 
4612 
4540 
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Accordinpf  to  these  results  the  thermal  value  of  the  fiber 
from  the  Tio<les  is  about  one  and  a  half  per  cent  higher  than 
that  from  the  interno<les,  in  the  two  standard  varieties  of  cane 
in  Hawaii. 

Fuel  Value  of  Bagasse. 

In  the  investigation  of  fuels  for  practical  purposes  there  is 
not  much  advantage  in  the  direct  comparison  of  thermal  values. 
The  amount  of  heat  that  can  be  obtained  from  a  fuel  is  not 
dej>endent  solely  on  its  thermal  value,  though  it  is  necessary 
to  know  this  in  order  to  determine  its  value  as  a  fuel.  The  fuel 
value  may  l)e  considered  the  net  thermal  value,  or  the  available 
heat  per  unit  weight.  The  amount  of  heat  available  depends 
on  the  thermal  value,  the  moisture  content,  and  the  total  heat 
removed  by  all  the  products  resulting  from  the  combustion  in 
the  furnace. 

The  effect  of  the  moisture  in  the  bagasse  on  its  fuel  value 
is  in  the  first  place  to  reduce  the  amount  of  combustible  matter 
per  unit  weight.  In  a  pound  of  bagasse  containing  50% 
moisture,  there  is  only  half  a  pound  of  fuel,  so  that  instead  of 
there  being  8100  B.  T.  U.*  per  pound  there  are  only  4050  B. 
T.  U.  to  start  with.  According  to  the  mill  reports  the  moisture 
in  bagasse  in  Hawaii  averages  about  45 %f  and  there  would, 
therefore,  be  4455  B.  T.  U.  per  pound  of  green  bagasse.  For 
other  percentages  of  moisture  the  heat  set  free  would  be  as  fol- 
lows : 

TABLE  VII. 


Percent  Moisture 

Heat 

contained  per  pound  of 
Bagasse  B.  T.  U. 

42 

4698 

43 

4617 

44 

4536 

45 

4455 

46 

4374 

47 

4293 

48 

4212 

49 

4131 

50 

4050 

51 

3969 

♦  In  accordance  with  the  usual  custom  the  British  Thermal  Unit  and 
Fahrenheit  scale  of  temperature  will  be  used  in  discussing  Fuel  Value. 

t  The  moisture  in  the  bagasse  as  it  enters  the  furnace  is  probably 
somewhat  less  than  this  owing  to  evaporation  after  it  leaves  the  mills. 
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Tlie  moisture  in  the  bagasse  reduces  the  amount  of  available 
heat  in  another  manner  also — it  carries  away  whatever  heat  is 
used  in  bringing  it  to  the  stack  temperature.  According  to 
Thurston^^  this  is  usually  600°  F.  or  over,  but  the  average  in 
a  number  of  sugar  factories  in  Cuba,  investigated  by  Kerr/^ 
was  only  434°  F.,  and  he  believes  that  for  the  highest  eificiency 
it  should  not  be  over  500°  F.^^  Taking  500°  F.  as  an  average 
for  the  temperature  in  the  stack,  and  85°  F.*  as  the  temperature 
of  the  water  in  the  bagasse,  the  loss  of  heat  from  this  source 
for  each  pound  of  average  bagasse  would  be  as  follows: 
0.45X(212— 85)=57  B.  T.  U.  to  raise  the  water  to  the  boil- 
ing point;  0.45X966=435  B.  T.  U.  to  convert  it  into  steam, 
966  being  the  latent  heat  of  vaporization  of  water;  and 
0.45X  (500—212)  X 0.48=62  B.  T.  U.  to  raise  the  tempera- 
ture of  the  steam  to  500°  F.,  0.48  being  the  specific  heat  of 
steam.  A  total  of  57  +  435  +  62=554  B.  T.  U.  to  be  sub- 
tracted from  the  4455  B.  T.  U.  in  a  pound  of  green  bagasse. 

There  is  a  further  loss  also  in  the  heat  carried  awav  bv  the 
products  of  combustion,  and  excess  of  air.  From  the  elemen- 
tary analysis  given  previously  we  may  assume  a  pound  of  green 
bagasse  to  contain  0.55X0.48=0.264  pounds  of  carbon  and 
0.55X0.057=0.0314  pounds  of  hydrogen,  which  on  combus- 
tion would  give  0.264X3.67=0.969  pounds  of  carbon  dioxide 
and  0.0314X9=0.282  pounds  of  water  vapor,  and  would  require 
0.264X11.59^3.06  pounds  of  air.  Taking  the  excess  air  as 
100%,  we  would  then  have  in  addition  to  the  carbon  dioxide 
and  water  given  above,  3.06  pounds  of  air  and  3.06X0.77^= 
2.35  pounds  of  nitrogen  leaving  the  furnace  for  every  pound 
of  bagasse  burned.  The  air  would  contain  also  on  an  average 
one  and  a  half  per  cent,  or  6.12X0.015=0.092  pounds  of  water 
vapor.  From  the  following  sj^ecific  heats  we  can  calculate  the 
total  heat  carried  away  by  these  products  of  combustion : 

Carbon  dioxide   0.2163 

Nitrogen    0.2438 

Air,   dry    0.2375 

Water  vapor   0.48 

♦  There  is  probably  a  variation  of  as  much  as  15°  P.  In  this  tem- 
perature in  different  factories  depending  on  whether  hot  or  cold  water 
is  used  for  maceration,  the  distance  the  bagasse  is  carried  to  the  fur- 
nace, and  the  temperature  of  the  air  surrounding  it. 
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Assuming  the  temperature  of  the  air  entering  the  furnace  to 
be  the  same  as  that  of  the  bagasse,*  we  would  have, — 

Loss  from  combined  water  0.282  Xt«"  =347  B.T.IJ. 

r^ss  from  water  vapor  0.092X0.48X  (500—85)=  18  B.T.U. 
I^ss  from  carb.  diox.  0.9r>9X0.2163X(500— 85)=  87  B.T.U. 
Ix>ss  from  nitrogen  2.35  X0.2438X(500—85)=238  B.T.U. 
Loss  from  excess  air  3.06   X0.2375X(500—85)=302  B.T.U. 


Total  loss  from  products  of  combustion 992  B.T.U. 

The  combined  loss  of  heat  from  the  products  of  combustion 
and  the  moisture  in  the  bagasse  would  then  be  554+992=1546 
B.  T.  U.,  leaving  available  for  generating  steam  in  a  pound  of 
the  bagasse  which  we  have  taken  as  typical,  4455 — 1546=2909 
B.  T.  U.  For  bagasse  containing  different  amounts  of  moisture 
the  available  heat,  bv  the  same  method  of  calculation,  would  be 
as  follows: 

TABLE  VIII. 


Percent  Moisture 

Bagasse,  B  T.  U. 

M. 

42 

3129 

43 

3057 

44 

2982 

45 

2909 

46 

2835 

• 

47 

2762 

48 

2687 

49 

2614 

50 

2540 

61 

2468 

On  the  basis  of  these  values  not  only  different  bagasses  may 
be  compared  with  one  another,  but  bagasse  with  other  fuels 
through  corresjionding  values  for  the  latter. 

The  amount  of  heat  which  these  fuel  values  represent  is  not 
actually  obtained  for  the  pHxluction  of  steam,  because  there  are 
other  losses,  such  as  radiation,  but  these  are  functions  of  the 
furnace  rather  than  of  the  fuel.  There  is  a  slight  loss  through 
the  heat  carried  away  by  the  ashes,  which  directly  affects  the 
fuel  value,  but  it  is  so  small  as  to  be  practically  negligible. 

♦  It  Is  probably  somewhat  less,  as  most  of  the  air  comes  directly 
from  the  outside  through  the  grates. 


17 


Loss  OP  Heat  in  Ashes. 


The  ash  was  determined  in  a  number  of  samples  of  fiber 
and  bagasse  as  follows: 

TABLE  IX. 


Sample 


Cane 


Percent  Sugar    p  ^^ 

In  dry  sample 


Bagasse                     H.  235 

9.5 

2.07 

H.  239 

6.0 

1.73 

H.     27 

13.8 

1.31 

H.     20 

8.0 

1.41 

Fiber                          H.  355 

.  •  •  • 

0.94 

Rind  Fiber                H.     24 

.  • . . 

1.38 

Pith  Fiber                 H.    24 

•  • . . 

1.22 

Fiber          Yellow  Calledonia 

.... 

1.41 

Exp't  Station 

Fiber           Yellow    Caledonia 

.  •  •  • 

1.09 

Olaa  Plantation 

Fiber                         T^haina 

.  •  • . 

1.38 

Ewa  Plantation 

Fiber                        Lahaina 

.  •  •  • 

1.37 

McBryde  Plantation 

According  to  these  results  there  is  less  than  one  percent  of 
ash  in  green  bagasse.  Assuming  the  temperature  of  the  ash 
when  removed  from  the  furnace  to  be  1000°  F.  and  the  specific 
heat  to  be  0.20,^^  there  would  be  a  loss  of  less  than  2  B.  T.  U. 
per  pound  of  bagasse,—  0.01X0.20X(1000— 85)=1.8  B.  T. 
U.,  a  negligible  quantity,  especially  in  view  of  the  fact  that  a 
large  proportion  of  this  heat  is  returned  to  the  furnace  by  the 
incoming  air. 

Thebmal  Value  of  Subsidiary  Fuels  Used  in  Cane  Sugar 

Factories 

Molasses. 


Hoogewerff^*  determined  for  Geerligs  the  thermal  value  of  a 
sample  of  Javan  molasses  containing  19.4  percent  water  and 
9.28  percent  ash  to  be  2953  cal.  And  Atwater^^  determined  for 
Burwell  the  average  thermal  value  of  the  dry  matter  in  sev- 
eral   samples  of  Louisiana    molasses  to    be  3864    cal.     Two 


samples  of  average 
thermal  values:* 
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Hawaiian   molasses    gave   the    following 


TABT^  X. 


No.        Water      Sucrose      Glucose      Purity 


1 
2 


20.8 
21.9 


35.5 
37.6 


12.7 
13.4 


44.9 
48.1 


Ash    ThermVal.Cal. 


14.1 

8.4 


2644 
2854 


This  is  somewhat  higher  than  the  thermal  value  of  green 
bagasse. 

Dry  Cane  Leaves. 

Koning  and  Bienfait  and  IToogewerff^*  determined  for  Geer- 
ligs  the  thermal  value  of  dry  cane  leaves  from  Java  to  be  4115 
cal.  and  4356  cal.  respectively ;  a  sample  of  dry  leaves  from  a 
stripping  of  cane  at  the  Station  gave  4322  cal.  per  kilogram 
of  dry  matter.  As  gathered,  the  sample  contained  13.8% 
moisture  and  7.3%  ash.  The  thermal  value  of  the  material  as 
present  in  the  field  was  therefore  higher  than  that  of  green 
bagasse. 

Crude  Petroleum. 

It  was  the  intention  to  make  determinations  of  the  thermal 
value  of  the  crude  California  oil  used  in  a  number  of  the  fac- 
tories on  these  islands,  but  we  were  unable  to  get  a  fresh  supply 
of  compressed  oxygen  in  time  to  include  the  results  in  this  pa- 
per. Many  determinations  have  been  made  on  this  fuel  by 
others,  however,  so  its  average  thermal  value  is  pretty  well  es- 
tablished. Fenn^*  has  published  a  very  comprehensive  table  of 
these  values  for  every  degree  of  gravity  from  10**  Be  to  45**  Be 
taken  **from  the  result^  of  numerous  tests  made  by  various 
chemists  and  practical  experts."     The  oil  brought  down  here 


^  At  the  1909  meeting  of  the  Hawaiian  Sugar  Planters'  Association 
a  report  was  submitted  by  the  Committee  on  Manufacture  of  Sugar 
and  Utilization  of  Waste  Products  containing  a  communication  from 
W.  E.  Desplace  of  Queensland,  Australia,  stating  the  approximate 
thermal  value  of  some  Australian  waste  molasses  to  be  3000  B.  T.  U. 
or  1667  cal.  (The  Hawaiian  Planters'  Record  II  [1910],  p.  52).  This 
is  much  lower  than  any  of  the  values  given  above  and  is  probably  a 
mistake. 
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for  fuel  varies  from  16°  Be  to  18"*  Be,  the  thermal  values  of 
which  according  to  the  table  of  Fenn  are : 

Be  degrees  Sp.  gr.         Weight  per  bbl.  lbs.  Therm,  val.  cal 

15  0.9658  339  10377 

16  0.9594  336  10412 

17  0.9530  334  10444 

18  0.9466  332  10477 

19  0.9402  330  10512 
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On  Available  Sugar  and  a  System  of  Control  in 

the  Boiling  House 

During  the  past  20  years  a  large  number  of  formulae  mostly 
originating  in  Java  have  been  pro[)ose(l  for  calculating  the 
available  sugar  in  juices.  A  couiplete  discussicm  of  these  for- 
mulae, many  of  which  have  now  only  an  historical  interest,  is 
to  l)e  found  in  Prinsen  Geerligs  'M)e  fabricatie  van  Suiker  nit 
Suikerriet  op  Java."  Of  all  of  these  the  one  which  has  come 
into  most  extended  use  is  that  due  to  Winter  and  suggested  by 
him  in  1897  in  the  form 

Available  Sugar  =  Sugar  —  .4  (Brix  —  Sugar) 

which  in  1900  was  put  by  Geerligs  and  Rose  into  the  form 

40 
Available  Sugar  =  (1.4  —  p^^^^    )   Sugar 

This  formula  of  Winter  was  based  on  a  study  of  the  results 
obtained  in  a  number  of  well  regulated  Javan  factories  and  as 
used  Available  Sugar  may  be  paraphrased  as  **Connnercial 
sugar  obtainable  under  good  working  conditions,  allowance  be- 
ing made  for  such  mechanical  losses  as  occur  in  practice;"  for 
example  with  14%  sucrose  in  juice  and  10%  Brix  and  apparent 
purity  87.5,  W^inter's  formula  indicates  that  per  100  juice 
there  should  be  obtained  in  raw  sugar 

14  —  .4  (16-14)  =  13.2 

It  is  to  be  noticed  that  the  formula  does  not  express  the 
available  sugar  in  terms  of  sucrose  in  raw  sugar  per  100  sucrose 
in  juice  but  as  weight  of  raw  sugar  on  weight  of  juice,  and 
that  Brix  and  Polarization  are  the  factors  used  in  the  formula. 

Independently  of  any  work  done  in  Java  the  writer  developed 
a  formula  for  available  sugar;  his  conception  of  the  meaning 
of  the  term  "available"  was  and  is  different  from  that  used 
by  Winter  and  others  in  Java  and  initiallv  has  an  al«:ebraic 
rather  than  an  empirical  basis ;  by  "Available  sugar'  he  means 
that  amount  of  sucrose  contained  in  raw  sugar  of  purity  .^ 
which  must  be  removed  from  a  material  of  purity  j  until  a  ma- 
terial of  purity  m  results;  and  he  exprCvSses  the  available  sugar 
as  sucrose  per  cent  on  sucrose  in  original  material.  Tt  is  to  be 
observe  that  sucrose  lost  in.  press  cake  and  mechanically  is  m 
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garded  as  "available,"  although  under  conditions  of  working 
it  is  not  "obtainable"  or  "winbaar"  (i.  e.  capable  of  being  won) 
in  the  sense  that  this  word  has  been  rendered  as  "available'' 
in  the  English  written  technical  sugar  literature. 

On  this  basis  the  writer  obtained  the  following  formula  for 
available  sugar :  * 

In  unit  weight  of  a  juice  after  removal  of  water  let  there 
be  a  parts  of  sugar  and  b  parts  of  non-sugar.  Now  let  c  parts 
of  sugar  be  removed  as  in  the  process  of  manufacture  so  that 
the  residue  (molastes)  now  is  1  —  c;  let  1  —  c  contain  d  parts 
of  sugar  per  unit  weight.   Since  the  total  amount  of  sugar  was  a, 

c  (a — d) 

the  equation  a=c+(l — c)  d  results.   Whence  —  = 

a         a(l— d) 
c 
Now  —  is  the  proportion  of  sugar  that  has  been  removed  and 
a 
for  a  which  is  the  proportion  of  sugar  in  dry  material  the  purity 
of  the  juice  may  be  written  and  for  d  the  purity  of  the  molasses. 
The  expression  then  becomes 

Proportion  of  Sugar     \  purity  juice — purity  molasses 

removed  or  Extraction  >= 

of  Sugar  in  Juice        j       purity  juice  (1  —  purity  molasses) 

J— ni 
= where  j  and  m  are  the  purities  of  the  juice  and 

j  (1  -  m) 
molasses. 

That  is  to  say  when  the  purity  of  juice  and  purity  of  molasses 
are  known,  the  corresponding  extraction  of  sugar  per  100  sugar 
in  juice  can  be  calculated. 

The  calculation  is  an  ideal  one  under  conditions  that  are 
not  reached  in  practice,  assuming  as  it  does  that  pure  sugar 
and  not  an  impure  product  containing  a  portion  of  the  impuri- 
ties is  made ;  the  impurities  contained  in  the  commercial  sugar 
if  replaced  in  the  molasses  would  of  course  tend  to  lower  the 
actually  obvserved  purity  of  the  molasses.  The  complete  formula 
can  be  obtained  as  follows: 


Tnfemafionnl  Sugar  Journal,  1906  p.  248. 


From  a  material  contaimng  a  sugar  and  b  non-sugar  per  unit 
weight,  let  there  be  removed  c  sugar  and  d  non-sugar  and  let 
(c-fd)  contain  e  sugar  per  unit  weight.  The  residue  (molasses) 
is  1 — c — d  and  let  it  contain  f  sugar  })er  unit  weight. 

c+d  a— f 

Then  a=(c+d)e+(l— c— d)  f  or     =  

a  a  (e — f) 

or  proportional   Gross   weight    of   dry  commercial   sugar   re- 

j— m 

moved= 

j  (s— m) 

where  j  and  m  are  as  before  and  s  is  the  purity  of  the  commer- 
cial product. 

If  the  weight  of  wet  commercial  product  is  require<l  it  is  ex- 
[)re8se<l  by  the  formula: 

i— m  100 

X ; 

j  (s — m)  Brix  of  the  Sugar 

The  only  reliable  basis  of  calculation  and  method  of  comparison 
as  between  factories  is  however  obtained  by  referring  everything 
to  pure  sugar  and  we  then  have  ^ 

(j— m)        100 

Sucrose= X ^X  Sucrose  /^  in  commercial  product 

j  (s — m)      Brix 

s  (j— m) 


j  (s— m), 


2.     An  identical  formula  in  the  form  X=100        7V7      e  \ 

where  Ft  and  Zt  is  the  dry  substance  in  massecuit^  and  sugar , 
Fq  Zq  and  Sq  the  true  purities  of  massecuite,  sugar  and  mo- 
lasses, is  quoted  by  Claassen  in  his  work  Beet  Sugar  Manufacture 
as  the  Hulla-Suchomel  formula;  this  formula  was  used  before 
the  writer  suggested  the  formula  in  the  form 

s  (j— m) 

Available  sugar  = 

j  (s— m) 


s 

As  applied  to  the  recovery  per  cent  bv  weight  on  a  masse- 
cuite  the  formula  abov^e  can  be  expressed: 

Bn,      (  i— m) 

(Commercial  sugar  %  on  massecuite  = 

Bg       (s— m) 

where  B  m   a^id  Bgare  the  total  solids  ^c    in  the  massecuite 
and  commercial  sugar. 

So  for  example  if  with  a  juice  of  90  purity,  raw  sugar  of 
98  purity  be  removed  till  molass(»s  of  45  purity  remain  per 
100  sucrose  originally  present  there  has  l)een  removed 

98  (90 — 45) 

X  100  =  93.437. 

90  (98 — 45) 

The  formula  as  developed  above  demanded  true  sucrose  as 
op])osed  to  polarization  and  dr}^  substance  as  oppose<l  to  Brix. 

Now  let  this  relation  hold : 

Weight  of  Juice  X  Brix  =  Weight  of  commercial  sugar  X 
Brix  +  Weight  of  molasses  X  Brix;  or  symbolically  if 
there  be  w  dry  matter  in  the  juice  and  w  +  a  dry  matter  as 
deduced  from  degree  Brix  (or  more  generally  from  specific 
gravity),  from  which  k  sucrose  is  removed  there  remains  w — k 
residue  or  w  -|-  a  —  k  residue  as  deduced  from  degree  Brix. 

Then  from  formula  (1) 

8         s — k 


w        w — ^k 
^/(    of  sucrose  removed= XlOO  where  s  is  the 

8— k    1 
1 

w   L    w — k 
sucrose  in  w  original  dry  substance,  w^hence 

8  8 — ^k 

—  =  j  and =  m 

w  w — ^k 

k  (  w — s)  k 

This  expression  reduces  to  lOOX =  —  X  100 

8(w — s)  s 

which  is  a  self  evident  proposition. 
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Instead  of  using  dry  substance  let  degree  Brix  be  used ;  then 

s  s — k 


w+a         w — k+a 
calculated  ^  of X  100 

sucrose  removed 


w+a 


s— k 


1- 


i 


\v — k+a 


w+a — s 


X 100=— X 100 

8 


This  expression  reduces  to  —    j 

s     L  w+a — s 
which  is  also  true. 

That  is  to  sav  in  calculations  base<l  on  a  rational  formula 

t'  

for  available  sugar  the  degree  Brix  may  be  used  in  place  of  dry 
substance;  since  the  degree  Brix  is  a  convenient  method  of  ex- 
pressing **Solids  as  deduced  from  Specific  Gravity"  the  term 
*' gravity  coefflcient"  is  proposed  for  the  value  of 


sucrose  % 
Degree  Brix 


xioo 


s(j— m) 

The  formula  available  sucrose  = as  developed  by 

j(s— m) 

the  writer  was  limited  in  its  application  owing  to  the  fact  that 
nearly  always  polarization  is  accepted  as  the  basis  of  calcula- 
tion instead  of  sucrose  per  cent  and  that  Brix  instead  of  dry 
substance  was  equally  generally  used.  The  recognition,  how- 
ever, that  the  rationally  derived  formula  can  be  used  with 
gravity  coefficients  in  place  of  purities  removes  one  objection 
and  the  most  potent  one  to  its  a])plication  and  the  following 
scheme  of  analyses  for  the  control  of  the  boiling  house  is  offer- 
ed, when  j,  8,  and  m  refer  to  gravity  coefficients. 

1.  The  sucrose  entering  the  boiling  house  shall  be  taken  as 
that  found  in  the  mixed  juice  the  sucrose  being  determined  by 
double  polarization. 

2.  The  value  taken  for  j  shall  be  that  found  for  the  syrup 
(provided  no  low  sugars  are  melted  in  juices)  ;  the  determina- 
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tion  of  j  which  is  defined  as  the  gravity  coefficient  or  the  ratio 

sucrose  ^/t 

shall  be  made  once  daily  on  an  average  sample  diluted 

Brix 

to  about  15°   Brix. 

.*5.  The  sucrose  ^c  of  the  sugars  shall  be  determined  as  well 
as  ]>olarization ;  the  ratio  between  polarization  and  sucrose  % 
shall  bo  (lct(»rniined  weekly  in  a  composite  sample  of  one  week's 
output. 

4.  The  valiu*  taken  for  s  shall  be  that  found  for  the  sugars 
in  dilution  of  about  15°  Brix;  this  analysis  shall  be  made  week- 
ly on  a  c()mi)osite  sample;  in  this  analysis  it  will  l)e  sufficient 

polarization 

to  determine using  the  ratios  between  sucrose  and 

Brix 

polarization  as  found  in  3  to  determine  the  gravity  coefficient. 

5.  The  value  taken  for  m  shall  be  that  found  for  the  waste 
molasses  in  dilution  of  al)out  15°  Brix.  This  analvsis  shall 
be  performed  as  convenient  on  composite  samples. 

The  syrup  has  been  selected  to  determine  the  value  of  j,  since 
it  is  the  finally  purified  product  which  goes  to  the  vacuum  pans 
and  since  in  the  very  great  majority  of  cases  there  is  a  distinct 
rise  in  the  j)urity  between  clarified  juice  and  syruj). 

s(j— m) 

The  value  found  for then  gives  the  greatest  amount 

j(8— m) 

of  sucrose  which  can  be  obtained  from  that  in  the  syrup  i.  e. 
that  in  mixed  juice — loss  in  press  cake — ^mechanical  loss  in  boil- 

s(j— m) 

ing  etc.  and  hence  the  value  of must  with  accurate 

j  (s— m) 

measurements  and  analysis  always  be  less  than  the  value  of 

sucrose  in  product 

'• and  it  may  approximate  in  value  to  the 

sucrase  in  mixed  juice 

Sucrose  in  product 

value  of  

sucrose  in  mixed  juice — press  cake  loss — entrainment 
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It  is  suggested  that  in  a  system  of  control  both  these  values 
be  compared  as  under. 

Sucrose  in  mixed  juice 1,000  tons 

Sucrose  in  sugars  833  tons 

Sucrose  in  press  cake 8  tons 

Sucrose  entrained   5  tonn 

Gravity  coefficient  s^Tup 84 

Gravity  coefficient  sugars 98 

Gravity  coefficient  molasses 40 

ft 

9(j— m) 

Then  =  .902 

j(8— m) 

Sucrose  in  sugars  883 

^- = =  .883 

Sucrose  in  mixed  juice        1000 

.883 

Xet  boiling  house  efficiency  = =  .979 

.902 

Sucrose  in  sugars  .883 

= =  .895 

Sucrose  in  syrup        1000 — 8 — 5 

.895 

Gross  boiling  house  efficiency  = =.992. 

.902 

It  was  pointed  out  to  the  writer  by  Mr.  H.  S.  Walker  that 
the  polarization  could  be  used  throughout  in  the  formula  as  de- 
vised by  the  writer  and  would  then  give  the  recovery  on  polari- 
zation, and  it  was  suggested  by  him  to  the  writer  that  as  a  con- 
trol this  would  be  sufficient;  for  example  let  there  be  a  juice 
containing  sucrose  15%  reducing  sugar  1%  and  of  polarization 
=  —  .5%  sucrose,  dry  substance  17%,  purity  88.24. 

polarization  15 — .5 

X100= X100=85.29. 

dry  substance  17 

Let  13%  sucrose  be  removed,  then  calculated  on  the  polariza- 
13  X 100  polarization 

tion ^=89.65%  has  been  recovered.  The 

14.5  dry  substance 
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2— .5 

of  the  molasses  will  be =  .375 ;  using  these  numbers  in 

4 

j— m  85.29—37.50 

the formula  there  results X100=^S9.65 

j(l— m)  85.29(100—37.50) 

That  is  to  say  89.65^  of  the  polarization  has  been  recovered 

13 
in  the  commercial  product;  actually  however,  only  — X100= 

15 
S().B69^  of  the  sucrose  has  been  recovered. 

At  the  same  time,  however,  a  check  is  obtained  on  the  weight 
of  the  product  since  there  should  be  obtained  j^er  100  juice 

89.65X14.5 

^=13.00 

100 

a  result  given  equally  accurately  when  using  true  values: 

80.66X15 
^=13.00 


100 

It  then  follows  that  the  formula  of  the  writer  might  be  capa- 
ble of  being  used  with  degree  Brix  and  polarization  to  obtain 
a  rational  check  on  the  weight  of  the  commercial  product  though 
not  on  the  percentage  recovery  of  sucrose. 

The  work  of  Browne  *,  however,  has  shown  that  in  ripe  juices 
the  reducing  sugars  consist  of  dextrose  and  levulose  with  the 
former  in  excess  so  much  so  that  generally  the  optical  activity 
of  the  mixture  is  very  small  and  may  even  vanish ;  in  the  pro- 
cess of  manufacture  there  is  regularly  found  first  a  disappear- 
ance of  reducing  sugars  and  secondly  a  isomeric  change  whereby 
the  activity  of  the  reducing  sugars  in  molasses  becomes  decided- 
ly laevorotatory ;  under  conditions  such  as  these  then  the  value 
of  polarization  as  an  accurate  basis  of  control  becomes  small. 

It  has  been  the  writers  own  experience  with  tropical  cane 
products — an  experience  borne  out  by  analyses  from  Java  and 


3.     Bulletin  91 .     Louisiana  Exp.  Station. 
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elsewhere — to  regard  40  as  typical  of  the  gravity  coefficient  of 
waste  commercially  exhausted  molasses. 

For  juices  of  80 — 93  purity  and  for  sugars  of  98  purity  the 

s(j— m) 

following  table  gives  values  of for  a  gravity  coefficient 

j(s— m) 

in  molasses  of  40  and  it  is  suggested  that  these  figures  be  used 
as  a  rough  guide  in  boiling  house  control. 

98(j— 40) 

j  Xioo 

j  (98—40) 

80    84.5 

81 85.5 

82    86.5 

83    87.5 

84 88.5 

85    89.4 

86    90.4 

87    , .    91.3 

88    92.2 

89    93.0 

90    93.9 

91    94.7 

92    95.5 

93    96.3 

As  a  matter  of  some  interest  the  writer  thought  it  worth 
while  to  see  how  close  it  was  possible  to  work  with  an  artificial 
mixture  of  pure  sucrose  and  waste  molasses.  To  this  end  a 
waste  molasses  of  known  composition  was  mixed  with  a  quantity 
of  pure  sucrose  of  at  least  99.95  polarization;  now  evidently 
after  mixture  of  sucrose  and  molasses  the  product  may  be  re- 
garded as  a  juice  from  which  the  exact  amoimt  of  sucrose  added 
is  available  under  perfect  conditions  of  working.  The  result.^ 
actually  found  were: 

Sucrose  taken  80.039  grams 

Molasses  taken  33.015  grames  of  87.35  Brix,  29.90  polariza- 
tion,  34.23   apparent  purity,   82.47  dry  substance,   37.82   su 
crose,   45.86   purity,   43.29   gravity   coefficient.     This   sucrose 
and  molasses  were  made  up  to  749.3  grams  of  "juice"  which 
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were  found  to  bo  of  14.35  dry  8ul)stance,  14.55  Brix,  12.00 
polarization,  12.37  sucrose,  86.28  purity,  82.48  apparent  pur- 
ity, 85.02  ^avity  coefficient. 

(^hocking  up  these  analyses  there  is  found 

749.3X14.35 

:^T3  107.53  grams  dry  substance  in  **juit*e" 

100 

33.015XH2.47 

80.039H =  107.27  grams  drv  substance  in  sugar 

100 

and  molasses 

749.3X14.55 

=  109.02  grams  solids  in  juice  from  Brix. 

100 

33.015X^7.35 

80.039H r=  108.88  grams  solids   in  sugar  and 

100 
molasses  from  Brix. 

749.3X12.37 

:  —  92. ()9  grams  sucrose  in  juice. 

100 

33.015X37.82 

80.039-1 --92.52  grams  sucrose  in  sugar  and 

100 
molasses. 

Since  pure  sucrose  was  used  the  control  formula  becomes 

j— m 


j(l-m) 

From  the  dry  substance  analyses  the  (|uantity  of  available  sugar 
as  a  ])erceutage  is 

.8028— .4580 

XI 00  r. .  80.547r 

.8028(1— .4580) 

and  as  in  the  *^ juice"  the  analysis  gave  92.69  grams  of  sugar 
the  quantity  available  is  80.223  grams  where  80.039  was  actu- 
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ally  taken  or  100.23%,  that  is  to  say  the  combined  errors  in  tlie 
analyses  amount  to  .23%. 

Using  gravity  coefficients  the  available  sugar  will  be 

.8502— .4329 
X 100  =  86.55% 

.8502(1— .4329) 
a  result  identical  with  that  found  from  the  true  purities. 

In  the  control  of  the  boiling  house  it  is  easy  to  see  how  in 
many  ways  a  balance  of  the  dry  substance  and  also  of  the  non- 
sugar  will  be  of  value.  In  cane  sugar  factories  the  writer  be- 
lieves that  this  is  seldom  or  ever  attempted  and  personally  he 
has  considered  that  actual  dry  substance  determinations  of  all 
products  would  be  necessary;  these  determinations  besides  un- 
satisfactory to  make  are  often  more  than  the  already  overloaded 
technical  staff  might  arrange.  Now,  however,  since  for  nearly 
all  substances  in  dilute  solution  the  relation  between  per  cent 
of  solids  in  solution  and  specific  gravity  is  a  lineal  function  it 
follows  that  a  balance  sheet  equal  in  value  to  a  dry  substance 
balance  can  be  constructed  on  specific  gravity  determinations 
alone.  Consider  for  the  moment  that  the  quantities  to  be  dealt 
with  are  only  juice,  sugar  and  molasses ;  let  there  be  1000  tons 
juice  of  15°  Brix  which  will  then  contain  150  tons  solids  as 
deduced  from  specific  gravity;  for  this  quantity  the  term 
gravity-solids  is  proposed.  From  this  juice  there  are  obtained 
125  tons  of  sugar  and  28  tons  of  molasses.  The  process  of 
obtaining  the  gravity  solids  in  the  sugar  and  molasses  would  be 
as  follows.  One  hundred  grams  sugar  are  dissolved  in  water 
and  made  up  to  650  grams;  the  degree  brix  of  this  solution  is 
found  to  be  15.29 ;  hence  the  gravity  solids  in  the  raw  sugar  are 

650  X  15.29 

=  99.11%    and    the    125    tons   sugar   contain 

100 

124.25  ton«  gravity  solids.  In  a  similar  way  the  28  tons  mo- 
lasses are  found  to  contain  87.6%  gravity  solids  and  in  all 
24.63  tons.  The  gravity  solids  balance  sheet  for  this  hypothe- 
tical case  would  then  appear. 
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Rweived  in  juice 150.00  tons 

Recovered   in  sngars 124.25 

Rwovered  in  molasses  ....        24.()3     *' 

Total  m-overy 149.88     ''     =90.20/; 

In  api)lying  this  very  sini})le  control  to  the  sngar  factory  the 
following  coni})lications  (K'cnr: 

1.  hi  the  mixed  juice  as  weighed  there  is  present  solid  sns- 
])ended  matter  which  is  not  n^'orded  hv  the  indications  of  the 
hydrometer.  The  quantity  present  may  amount  to  as  much  as 
.25 yr  and  it  would  l>e  necessary  to  determine  the  amount.  The 
aniomit  i)resent  will  not  l)e  liable  to  large  variation  and  the 
writer  believes  that  <K*casional  determinations  would  be  suffi- 
cient. The  correction,  for  the  ])resence  ,of  this  insoluble  matter 
would  1k»  as  follows:  Tons  mixed  juice  as  weiglunl  1000  tons; 
insoluble  matter  .250i^  ;  terns  insoluble  matter  2.5;  degree  Brix 
of  settled  mixed  juice  15.0;  gravity  solids  in  settled  mixed  juice 

(1000— 2.5)  X1''>.0 

=  149.0;  gravitv  solids  in  mixed  juice  in- 

100 

eluding  therein  the  insoluble  matter  149.0  +  2.5=152.1. 

2.  The  press  cake  cannot  be  considered  as  having  any  de- 
gree Brix;  to  obtain  the  solids  therein  water  determinations 
must  be  made  whence  will  be  obtained  the  actual  dry  matter  in 
the  cake  and  since  the  press  cake  is  largely  composed  of  the  sus- 
j)ende(l  solids  of  the  jnice  the  error  due  to  the  introduction  of 
actual  dry  matter  in  the  juice  w^ill  be  partly  compensated. 

3.  The  addition  of  lime  after  weighing  the  mixed  juice  can 
be  allowed  for. 

4.  Scale  de])osited  in  the  evaporators  wnll  cause  an  apparent 
loss  of  gravity  solids;  in  some  cases  this  wnll  be  appreciable 
es])ecially  as  the  salts  deposited  in  general  give  a  higher  density 
coefficient  in  solution  than  does  organic  matter  as  sugar. 

A  complete  gravity  solids  balance  sheet  would  then  appear 
as  under. 
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Mixed  juice  as  weighed 100,000  tons 

Suspended  solids 19% 

Actual  juice 99,981  tons 

Brix  of  juice 14.42 

Gravity  Solids   14,393  tons 

Suspended  Solids 190  tons 

Lime 55  tons 

Total  gravity  solids 14,638  tons 

Press  cake 2,000  tons 

Solids  in  press  cake  ....    35% 

Sugar    12,230  tons 

Brix  of  sugar 99.40 

Molasses 1,910  tons 

Brix  of  molasses 87.60 

Solids  in  press  cake 700  tons  =      4.8% 

Solids  in  sugars 12,156  tons  =    83.1  % 

Solids  in  molasses 1,695  tons=    11.4% 

14,529  tons=    99.3% 

Scale,  various  deposits,  etc.   .  .  .  107  tons             .7% 

14,636  tons  =  100.0% 

After  having  obtained  a  gravity  solids  balance  it  is  easy  to 
apply  the  same  reasoning  to  the  obtaining  of  a  non-sugar  gravity 
balance,  which  of  course  is  the  difference  between  the  gravity 
solids  and  sucrose. 

A  balance  sheet  would  appear  as  follows : 

Suspended  solids 190  tons 

Gravity  non-sugars  in  juice 1,996  tons 

Lime 53  tons 

Total    2,239  tons 

Gravity  non-sugars  in  press  cake.  .  660  ton8=    29.4% 

Gravity  non-sugars  in  sugars  ....  403  tons=    18.0% 

Gravity  non-sugars  in  molasses.  .  .  1,063  tons=    47.5% 

2,126  tons=    94.9 7r 

Scale,  various  deposits,  etc 113  tons=      5.1% 


2,239  tons  —  100.0 ^/r 


It  is  the  opinion  of  the  writer  that  balance  sheets  made  out 
on  these  lines  of  the  gravity  solids  and  gravity  non-sugars  will 
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fill  a  lacniiia  in  the  system  of  control  usually  followed  in  cane 
suo;ar  houses,  more  es])ecially  in  regard  to  the  entrainment  losses 
or  losses  due  to  actual  destruction  of  sugar.  Consider  a  case 
where  a  close  halance  is  ohtained  with  the  gravity  solids,  an 
undetermined  loss  of  sugar  is  shown  and  where  the  gravity  non- 
sugar  shows  an  increase;  the  inferenc^i  which  can  he  drawn  is 
that  entrainment  losses  are  small  hut  that  destruction  of  sugar 
due  to  overheating  and  to  inversion  has  taken  pla<re;  again  if  the 
gravity  solids  halance  shows  approximately  the  same  loss  as  is 
found  for  the  sugar  halance  a  loss  in  juice  in  entrainment  in  the 
evaporators  is  indicated  and  it  is  in  ])oints  such  as  these  that  the 
writer  feels  that  analysis  of  the  residts  on  the  previously  de- 
scrihed  hasis  will  he  of  value.  To  more  fully  explain  the  writer's 
mertuiug  the  halance  sheets  are  given  helow ;  these  are  not  from 
the  records  of  any  ])articular  factorv  hut  are  such  as  could  be 
du])licated  from  records  in  the  writer's  posse^ssion. 

A.     Satisfactory  in  all  ways. 


Mixed  juice  ....  98.2 

Suspended  solids.  1.5 

Lime .8 


Total    100.0 

Sugars    8:5.5 

Molasses    11.4 

Press  Cake   ....  5.0 


Sucrose 

Gravity  non 

sucrose 

100.0 

89.0 

8.5 

2.5 

100.0 

100.0 

91.0 

15.2 

9.6 

50.3 

.2 

34.1 

99.9  99.8  99.6 

B.     Entrainment  in  early  stages  or  overweighing  of  juice  in- 
dicated. 


Gravity  solids 

Sucrose 

Gravity  non- 
sucrose 

Mixed  juice   ....            98.2 

100.0 

89.0 

Suspended  Solids             1.5 

8.5 

Lime .3 

2.5 

Total    100.0  100.0  100.0 
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Sugars   80.9  88.5  14.7 

Molasses    11.0  9.3  49.5 

Press  cake 5.0  .2  34.1 

96.9  98.0  98.3 

C.      Destruction  of  sugar  indicated. 

Gravity  solids       Sucrose  Gravity  non- 

sucrose 
Mixed  juice   ....  98.2  100.0  89.0 

Suspended  Solids  1.5  8.5 

Liuie .3  2.5 

Total 100.0  100.0  100.0 

Sugars    78.0  87.8  14.5 

Molasses   16.4  9.0  56.4 

Press  cake 5.4  .2  34.1 

99.8  97.8  105.0 

Summary, 

1.  A  system  of  control  of  the  boiling  house  is  suggested  based 

8(j— m) 

on  the  formula  maximum  possible  yield  = where  s, 

j  (s— m) 
sucrose  % 

j,  m  are  the  values  of ^ of  the  sugars,  the  juice  and  the 

Brix 

waste  molasses,  the  ratio  being  named  gravity  coefficient  to  dis- 
tinguish it  from  the  allied  ratios  true  purity  and  apparent 
purity. 

2.  A  further  control  based  on  balance  sheets  of  the  gravity 
solids,  sucrose  and  gravity  non-sucrose  is  proposed,  by  gravity 
solids  being  meant  the  solids  as  deduced  from  specific  gravity, 
and  the  gravity  non-sucrose  being  the  difference  between  the 
gravity  solids  and  the  sucrose. 
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An  Experimental  Study  In  Multiple  Effect 

Evaporation* 


By  Noel  Deerr. 

In  this  publication  is  given  a  record  of  work  done  over  a  period 
of  three  years  in  a  number  of  mills  and  concerned  with  multiple 
effect  evaporation  under  continually  reduced  pressure. 

In  carrying  out  this  work  I  am  under  obligations  to  the  Ha- 
waiian Commercial  &  Sugar  Co.,  the  Ewa  Plantation  Co.,  the 
Paauhau  Plantation  Co.,  the  Kona  Development  Co.,  the  Oahu 
Sugar  Co.  and  the  Olaa  Sugar  Co.,  in  whose  factories  the  ex- 
perimental work  was  done.  From  the  technical  staff  of  these 
factories  I  received  every  possible  assistance,  and  I  am  also  in- 
debted to  Mr.  K.  Okamoto  for  much  painstaking  observation. 

Abbreviations.  In  the  following  account  of  experimental 
work,  Ci,  Cj,  C3,  C4,  etc.,  denote  the  temperature  in  F°  of  the 
steam  or  vapor  entering  a  cell  of  an  evaporator,  VSj,  etc.,  denotes 
the  temperature  in  the  vapor  space ;  P,,  etc.,  denotes  the  pressures 
which  in  deference  to  usage  are  expressed  as  inches  of  vacuum 
referred  to  a  standard  atmosphere  of  29.9  inches;  J^,  Ji,  denote 
the  temperature  of  the  juice  entering  in  cell  I,  etc.,  and  also  is 
used  to  denote  the  Brix  of  the  juices  in  the  cells.  CW,,  CWj, 
etc.,  denote  the  temperature  of  the  condensed  waters. 

Methods  of  Observation.  All  temperatures  were  read  with 
the  type  of  thermometer  generally  used  in  laboratories;  those 
used  in  these  tests  were  graduated  up  to  120°  C.  and  could  be 
read  to  1/10°  C.  Holders  as  shown  in  Fig.  1  were  constructed 
for  these  thermometers ;  the  packing  used  was  lamp  wick,  C,  as 
used  in  spirit  lamps  ;  the  inner  piece,  B,  Fig.  1,  could  be  screwed  so 
tight  that  the  difference  of  pressure  did  not  force  the  thermom- 
eter out,  and  yet  allowed  sufficient  freedom  of  movement  to  move 
the  thermometer  up  or  down  as  required.  Holes  were  tapped  in 
the  vapor  pipe  or  shell  of  the  apparatus  corresponding  to  the 
outer  piece  A,  Fig.  1 ;  after  a  trial  was  finished  these  holes  were 


II gi jgl "^lH»iMKij^      I      I'ISM'M'III^HjP ■lMI|lll'l^tlHM>i*'a  -R        ^^ 


closed  by  corresponding  plugs.  In  making  trials  the  temperature 
necessary  to  be  observed  were  read  as  often  as  an  observer  could 
pass  from  instrument  to  instrument. 


Mkthdi)  of  Oiiskhvinc  i'HKssLRES.  The  only  pressure  regu- 
larly observed  was  that  in  the  last  cell ;  actually  pressures  in  the 
study  of  a  multiple  effect  evaporator  are  incUlental  since  it  is  tem- 
l>erature  that  is  the  deciding;  factor ;  since,  however,  the  vacuum 
in  the  last  body  forms  such  a  well  establishe<l  and  convenient 
reference  point  this  was  observed  in  all  experiments  in  nearly 
all  cases  with  a  mercury  gauge  of  the  form  shown  in  I'ig.  2, 
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shallow   rect'iitaclf  of   thick   g\»f^s   partly   filled   with 
iry ;  on  the  upper  side  at  B  is  a  tubuhire  to  be  connected 
to  the  vaywr  space  of  the  pan  by  stout  rubber  tubing ;  at  C  is  the 


neck  of  the  receptacle  into  which 
fits  tightly  the  barometer  tubing  D 
graduated  in  tenths  of  an  inch ;  the 
receptacle  A  being  filled  with  mer- 
cury, the  graduated  barometer  tub- 
ing is  then  inserted  in  the  neck  of 
the  flask  and  mercury  is  sucked  up 
above  the  level  of  the  stop  cock  at 
E,  which  is  then  closed ;  the  mer- 
cury in  A  is  then  adjusted  until  its 
level  is  coincident  with  the  zero 
mark  on  D;  if  then  connection  be 
made  to  the  vapor  space  of  a 
vacuum  apparatus  by  way  of  B,  the 
height  of  the  column  of  mercury 
will  directly  measure  the  pressure  in 
the  pan. 

Sampling  of  Juices.  In  some 
experiments  it  was  desired  to  obtain 
samples  of  the  juices  as  they  existed 
in  each  cell;  samples  were  drawn 
from  the  juice  pipe  lines  on  this 
passage  from  cell  to  cell;  where  a 
pressure  existed  a  pet-cock  tapped 
into  the  pipe  line  is  all  that  is  neces- 
sary to  allow  a  sample  being  drawn  ; 
where  the  juice  was  under  a  vacuum 
the  apparatus  shown  in  Fig  3,  con- 
structed out  of  stock  standard  fit- 
tings, was  used. 

^Iethod  of  Altering  Vacuum 
IX  Last  Cell.  A  large  number  of 
tests  were  made  to  determine  the 
connection  between  vacuum  in  last 
cell  and  rate  of  evaporation,  other  conditions  remaining 
unchanged.  At  first  the  degree  of  vacuum  was  controlled 
by  shutting  off  injection  water  and  lowering  the  speed  of 
the  pump.  A  much  more  convenient  way  was  used  in  later  ex- 
periments and  was  simply  opening  a  cock  or  cocks  to  the  atmos- 
phere and  not  changing  the  speed  of  the  pump;  after  an  air  cock 
had  been  opened  to  a  certain  extent  it  was  found  that  a  position 
of  equilibrium  very  soon  obtained  and  that  the  vacuum  became 
steady ;  an  operator  stationed  at  the  air  cock  and  watching  a  mer- 
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cury  gauge  could  easily  keep  the  vacuum  constant  to  within  1/10 
inch  of  mercury.* 

Determination  of  Quality  of  Steam.  The  steam  admitted 
to  the  first  cell  being  of  very  low  pressure  the  determination  if 
its  quality  was  attended  with  considerable  difficulty.  The  appara- 
tus available,  throtting  and  separating  calorimeters  were  only 
adapted  for  steam  of  high  pressures  and  apparatus  for  a  direct 
calorimetric  assay  of  the  steam  was  absent.  The  quality  of  the 
steam  was  obtained,  however,  with  a  reasonable  degree  of  accu- 
racy by  an  adaption  of  Carpenter's  separating  calorimeter.  In  this 
apparatus  steam  from  the  main  is  passed  through  an  orifice,  the 
quantity  passing  being  dependent  on  the  pressure  of  the  steam; 
a  very  efficient  separator  collects  the  entrained  water ;  from  ob- 
servation of  the  pressure  of  the  steam  and  measurement  of  the 
separated  water  the  percentage  of  water  in  the  steam  can  be 
obtained.  Owing  to  the  low  pressure  of  the  steam  used  in  eva- 
poration calculation  of  the  quantity  passing  through  the  orifice 
in  an  arbitrarily  selected  unit  of  time  is  uncertain.  The  detennina- 
tion  was  therefore  made  as  follows:  the  dry  steam  issuing  from 
the  apparatus  was  condensed  by  direct  injection  in  a  quantity 
of  water  contained  in  a  bucket ;  about  two  liters  of  water  were 
used  and  the  condensation  of  the  steam  was  continued  until  a 
temperature  of  about  180°  F.  was  reached.  The  quantity  of 
steam  condensed  was  obtained  by  weighing  as  was  also  the  quan- 
tity of  entrained  water  separated  and  collected  in  the  instrument. 
Results  of  no  inconsiderable  accuracy  were  rapidly  and  conven- 
iently obtained  in  this  way. 

Methods  Adopted  for  Determining  Rate  of  Evaporation. 
The  rate  of  evaporation  can  be,  and  was  actually,  determined  in 
four  ways : 

a.  Measurement  of  the  juice  admitted  to  the  apparatus  over 
a  definite  time  interval  combined  with  observations  of  the  density 
of  the  incoming  juice  and  outgoing  syrup;  for  definite  results 
the  temperature  of  the  incoming  juice  must  also  be  observed  and 
the  quantity  of  juice  in  transit  in  the  apparatus  must  also  be  the 
same  at  the  end  and  beginning  of  a  trial ;  in  all  comparative  tests 
this  was  done  by  observing  the  juice  levels  at  the  start  and  by 
maintaining  the  density  of  the  discharge  constant ;  the  longer  the 
trial  the  smaller  will  be  the  error  introduced.  This  method  is  the 
most  inconvenient  one  and  was  only  exceptionally  used. 


*  In  a  quadruple  apparatus  of  14,000  sq.  ft.  heating  surface  with  dry  air  slide 
valve  pump  31 1.^"  Slh^",  running  at  45  r.  p.  m.  it  was  found  necessary  to  open 
an  area  equal  4.6  sq.  ins.  to  the  atmosphere  to  reduce  the  vacuum  from  27  inches 
to  23.5  inches.  This  area  must  be  many  times  larger  than  would  be  found  due  Jo 
leaks  in  an  apparatus  of  the  most  careless  mechanical  construction.  Academic  calcu- 
lations of  the  requisite  size  of  pumps  always  make  an  allowance  cavering  more  than 
half  the  estimated  capacity  for  air  leaks,  which  in  view  of  this  experience  seems 
unfounded.  This  experience  also  points  to  a  general  excessive  over  size  in  pumps 
as  usually  installed. 
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b.  Measurement  of  the  syrup  discharged  from  the  apparatus 
over  a  definite  time  interval  combined  with  the  same  observations 
and  precautions  as  in  a  above.  In  making  these  measurements 
two  tanks  4  ft.  x  4  ft.  x  4  ft.  were  employed  alternately  filling 
and  emptying;  in  some  trials  these  tanks  were  connected  by  an 
overflow  so  that  each  was  always  filled  to  the  same  level ;  in  other 
tests  the  actual  depth  of  liquid  in  each  tank  was  measured  at  each 
filling;  at  each  filling  the  depth  of  the  undischarged  syrup  was 
measured  giving,  so  to  speak,  the  ''tare'' ;  the  tanks  were  pro- 
vided with  four-inch  discharge  valves,  allowing  a  rapid  empty- 
ing; tanks  of  the  size  are  large  enough  to  measure  accurately  the 
syrup  from  100  tons  of  cane  per  hour. 

c.  The  steam  condensed  in  any  cell  may  also  be  used  as  a 
measure  of  the  rate  of  evaporation  provided  certain  prelimi- 
naries are  satisfied,  since  the  steam  evolved  from  one  cell  passes 

'  on  in  series  to  the^  next.  As  regards  the  steam  condensed  on 
the  calandria  of  the  first  cell  some  portion  of  this  will  generally 
be  used  in  heating  the  juice  entering  that  cell,  but  that  portion 
which  represents  water  evaporated  from  the  juice  will,  with  cer- 
tain limitations,  be  reproduced  from  cell  to  cell  and  this  portion 
is  capable  of  easy  calculation.  If,  however,  the  juice  enters  the 
first  cell  at  or  near  to  the  temperature  at  which  ebullition  is 
occurring  in  that  cell  all  the  heat  represented  by  the  condensa- 
tion of  the  steam  will  appear  as  steam  evolved  in  that  cell.  It 
would,  however,  be  ill  advised  and  open  to  error  to  directly  use 
the  quantity  of  water  condensed  in  any  cell  to  calculate  the  eva- 
poration of  an  apparatus,  although  approximate  results  might 
be  obtained.  The  relation  between  water  condensed  in  first  cell 
and  evaporation  in  the  apparatus  varies,  firstly  with  the  heat 
efficiency  of  the  apparatus  including  therein  radiation  losses  and 
steam  carried  oflf  in  the  incondensible  gas  pipes. 

In  one  and  the  same  apparatus,  however,  worked  under  uni- 
form conditions  except  for  change  in  the  temperature  of  heating 
steam  or  in  the  vacuum  in  the  last  body  the  amount  of  water 
condensed  in  and  evaporated  from  the  first  cell  will  be  a  measure 
of  the  evaporation  in  the  evaporation  in  the  apparatus  as  a  whole. 
This  prima  facie  consideration  was  put  to  experimental  proof  and 
found  correct.  The  measurement  of  the  water  discharged  from 
the  first  cell  is  an  easier  observation  than  the  determination  of 
either  juice  admitted  or  of  syrup  discharged ;  it  was,  therefore, 
used  in  many  comparative  tests  of  one  and  the  same  apparatus. 

d.  If  the  rate  of  condensation  of  steam  is  proportional  to  the 
temperature  diflFerence  between  the  steam  and  the  surface  on 
which  it  condenses,  then  the  temperature  diflFerence  in  any  cell 
will  be  proportional  to  the  rate  of  evaporation.  The  conditions 
in  a  multiple  evaporator  are  very  complex ;  the  passage  of  heat 
through  the  walls  of  the  calandria  from  steam  to  juice  is  con- 
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trolled  by  the  resistance  of  the  steam,  of  the  boiling  juice  and  of 
the  partition  separating  them;  in  the  case  of  thick  juices  it  is 
known  that  small  differences  in  their  temperature  have  great  effect 
on  their  viscosity  and  consequently  on  their  resistance  to  the 
passage  of  heat.  In  the  first  cell,  however,  the  temperature  dif- 
ference between  heating  steam  and  boiling  juice  is  small;  sup- 
pose in  a  certain  case  steam  in  the  calandria  is  at  105°  C.  and  the 
juice  is  at  100""  C. ;  the  temperature  difference  is  S""  C. ;  if  the 
temperature  of  the  steam  be  raised  to  106^  C.  the  juice  remains 
at  100"  C.  the  rate  of  condensation  of  the  steam  may  reasonably 
be  taken  as  being  increased  in  the  ratio  5  :6 ;  if  on  exj>eriment 
the  quantity  of  steam  condensed  in  the  first  cell  of  a  multiple 
evaporator  should  be  found  to  be  proportional  to  the  temperature 
difference  in  that  cell  then  in  one  and  the  same  apparatus  a 
measure  of  the  rate  of  evaporation  can  be  found  by  merely  ob- 
serving the  difference  in  temperature  between  steam  and  juice. 
This  argument  was  put  to  experimental  test  and  was  found  to 
be  technically  exact.  It  then  follows  that  alterations  in  the  way 
of  working  an  apparatus  may  be  tested  by  the  simultaneous  ob- 
servation of  the  thermometers  giving  the  temperature  of  the  heat- 
ing steam  and  of  the  juice  boiling  in  the  first  cell. 

This  observation  evidently  will  not  give  a  measurement  of  the 
rate  of  evaporation  as  between  two  separate  apparatuses  since 
that  will  be  determined  by  the  efficiency  of  the  apparatus  as  a 
whole  affected  by  cleanliness  of  heating  surface,  circulation  and 
a  multitude  of  other  causes ;  nor  will  it  give  comparative  results 
in  one  and  the  same  apparatus  unless  the  first  cell  remains  in 
the  same  condition ;  if  at  one  observation  the  cell  is  clean  and 
after  working  for  many  hours  it  has  become  foul  the  conditions 
are  so  altered  that  one  temperature  difference  has  no  correlation 
with  the  second,  but  for  observations  made  consecutivelv  the 
method  was  found  very  useful. 

Instead  of  taking  the  temperature  of  the  juice  in  the  first  cell 
of  the  apparatus  tested  it  was  more  convenient  to  take  the  tem- 
perature of  the  steam  entering  the  calandria  of  the  second  cell ; 
this  temperature  is,  of  course,  controlled  entirely  by  the  tem- 
perature at  which  the  juices  boil ;  symbolically  then  the  tem- 
perature difference  in  the  first  cell  was  determined  as  C^ — C^  and 
not  as  Ci — Ji.  and  actually  when  temperature  observations 
throughout  the  series  of  cells  were  taken  the  observations  were 
confined  to  C,,  C.>.  C.^,  etc.  This  abbreviated  series  of  observa- 
tions sufficient  for  technical  work  was  necessary  owing  to  the 
limited  numbers  of  observers  available  The  following  record  of 
part  of  a  test  of  a  certain  apparatus  will  show  the  degree  of  accu- 
racy, of  which  these  observations  are  capable. 

Keei)ing  the  vacuum  in  the  last  cell  approximately  constant  the 
temperature  of  the  heating  steam  was  raised  in  a  series  of  steps. 
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The  control  of  the  temperature  was  effected  by  manual  rej<ula- 
tion  of  the  steam  valve,  the  attendant  charged  with  this  opening 
and  closing  the  valve  following  the  fluctuations  of  a  thermometer 
inserted  in  the  calandria;  directions  were  given  him  to  attempt 
to  maintain  the  temperature  at  a  fixed  point;  with  practice  it 
was  found  that  a  very  small  variation  could  be  maintained.  After 
the  temperature  of  the  heating  steam  had  been  changed  and  ob- 
tained constant,  ten  minutes  was  allowed  to  elapse  before  observa- 
tions were  made.  The  observations  consisted  of  reading  the 
thermometers  C^  and  C2  every  30  seconds  and  observing  the 
time  required  to  fill  a  tank  with  the  discharge  from  the  first  cell, 
so  that  if  the  quantity  of  water  discharged  and  the  rate  of  evapo- 
ration be  proportional  to  the  temperature  difference  in  the  first 
cell  T  (Cj — C2)  =  constant.  Amongst  others  the  following  re- 
sults were  obtained : 

TABLE  T. 


Ci 

C2 

Ci  €2 

T 

1012 

T  (Ci— C2) 

212.6 

207.1 

5.5 

5566 

216.2 

208.9 

7.3 

776 

5655 

220.1 

211.1 

9.0 

642 

5778 

223.3 

212.7 

10.6 

520 

5512 

226.9 

215.6 

11.3 

479 

5313 

230.8 

218.6 

12.2 

445 

5429 

Correlated  with  this  experiment  it  was  seen  how  evenly  an 
apparatus  could  be  run ;  the  time  in  seconds  for  nine  successive 
tanks  to  fill  was  found  to  be :  430,  433,  430,  430,  428,  425,  420, 
425,  430. 

Conditions  Prevailing  in  a  Multiple  Effect.     In  Fig.  4  is 


shown  a  diagramatic  sketch  of  a  quadruple  effect,   lettered  to, 
correspond  with  the  nomenclature  followed  in  this  publication. 
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The  total  fall  in  temperature  or  total  temperature  difference  in  a 
multiple  effect  is  defined  as  C^ — J4  and  the  temperature  difference 
in  any  effect  as  C„ — Jn.  The  available  fall  in  temperature  is 
defined  as  C^ — ^Ji+Co — J2+  ^tc,  and  the  sum  of  these  terms 
will  approach  but  never  equal  the  value  C, — ^J^.  In  the  experi- 
ments conducted  by  the  writer  when  the  values  of  J  were  deter- 
mined this  was  done  by  reading  thermometers  inserted  in  the 
juice  lines;  it  was  generally  only  at  great  personal  inconvenience 
that  this  could  be  done,  and  for  technical  observations  C^ — C2, 
etc.,  have  been  taken  as  the  value  of  the  fall  in  temperature. 
Consider  an  apparatus  with  equally  divided  heating  surface  and 
evaporating  a  material  which  does  not  change  in  the  process  of 
evaporation ;  it  is  probable  that  the  values  of  Cj — Co,  C^ — C3,  etc., 
would  then  be  the  same  unless  the  passage  of  heat  is  affected  by 
the  absolute  temperature  as  well  as  by  the  temperature  difference. 
In  a  multiple  effect  evaporator  concentrating  sugar  juices  it  is 
known  that  C4 — J4  is  much  larger  than  any  other  temperature 
difference  and  it  is  also  generally  assumed  that  C\ — Ji<C2 — J2< 
Q< — J3<^4 — ^J*-  ^^  ^^  evaporator  with  the  heating  surfaces  in 
all  cells  in  the  same  condition  it  is  probable  that  this  would  be  so, 
but  supposing  that  the  heating  surface  in  cell  1  was  very  foul, 
then  Ci — Ji  might  well  be  greater  than  C2 — J2  and  in  any  other 
combination  irregularities  may  be  observed.  It  is  also  to  be  noted 
that  the  prevailing  temperatures  may  be  altered  at  will  by  regu- 
lation of  the  incondensible  gas  pipe  and  so  to  say,  short  circuiting 
steam  from  one  cell  to  the  next  in  series.  In  Table  II  below  is 
given  a  collection  of  observations  of  Ci,  C2,  etc.,  in  five  appara- 
tuses ;  these  observations  were  made  under  normal  working  con- 
ditions. It  may  be  noted  that  in  two  apparatuses  the  tempera- 
ture difference  increases  from  cell  to  cell  ;in  three  the  variation  is 
irregular,  and  in  two  apparatuses  there  is  a  larger  temperature 
difference  in  the  first  cell  than  in  the  second  or  third;  in  all, 
however,  the  last  cell  takes  up  the  greatest  proportion. 
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TABLE  ir. 


Variation  in  Distribution  of  Temperature  in  Qnadmple  Effect  Apparatus. 


C2 

C3 

C4 

VS4 

C'l  —  C2 

C2  —  C3 
C3  —  C4 

C4  —  VS4 

C'l  —  VS4 
C'l  —  C2 


(•J-VS4 

C2  —  C3 


c, 


vs. 


C3  —  C4 

ri-vs4 
C4  —  VS4 


X  100 


X  100 


X  100 


X  100 


F« 


2 

■po 


c, 


vs, 


225.5 

215.8 

202.7 

182.9 

127.0 

9.7 

13.1 

19.8 

55.9 

98.5 

9.8 


13.3 


20.1 


56.8 


218.5 

202.0 

194.0 

185.1 

143.0 

14.0 

8.0 

8.9 

42.1 

73.0 

19.2 


11.0 


19  9 


57.7 


F« 


230.2 

213.1 

201.9 

184.9 

126.0 

17.1 

11.2 

17.0 

58.9 

104.2 

16.4 


10.7 


16.3 


56.6 


F< 


227.7 

213.0 

189.0 

108.1 

130.0 

14.7 

24.0 

21.1 

38.0 

97.7 

14.4 


23.4 


20.6 


37.1 


5 


222.3 

208.0 

199.3 

167.0 

122.0 

14.3 

18.7 

31.3 

45.0 

100.3 

14.2 


18.6 


31.2 


45.0 


Temperature  Conditions  in  Multiple  Effects  When  Boil- 
ing Water.  Opportunity  was  taken  when  a  horizontal  sub- 
merged tube  apparatus  was  being  boiled  out  with  water  prepara- 
tory to  a  start  to  take  readings  at  the  temperature  prevailing  in 
the  different  cells.    The  results  obtained  were: 

TABLE  ITL 


po 

Ci 

227.5 

C2 

203.0 

C3 

177.4 

C4 

161.8 

VS4 

134.0 

(\  -  C2 

24.5 

C2         ^3 

25.6 

C3-r4 

15.6 

C4  -  VS4 

27.8 

219.2 

203.9 

179.0 

161.0 

140.0 

15.3 

26.9 

18.0 

21.0 


The  excessive  fall  observed  with  juices  between  C3  and  C^  dis- 
appears and  a  more  even  distribution  is  found.  The  irregularities 
may  be  caused  either  by  differences  in  the  cleanliness  of  the  dif- 
ferent cells  or  by  short  circuiting  of  vapors  through  the  incon- 
densible  gas  pipe. 
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Effect  of  Concentration  in  the  Last  Cell  on  the  Rate 
OF  Evaporation.  As  the  juice  in  the  last  cell  gets  denser  the 
rate  of  transmission  of  heat  in  the  last  cell  becomes  less  and  con- 
sequently more  temperature  difference  is  taken  up  between 
C.^  and  C4  and  less  between  Ci  and  Cj. 

An  experiment  made  to  determine  the  effect  is  given  below, 
which  shows  a  difference  of  8%  in  the  rate  between  a  density 
of  54.8  Brix  and  one  of  64.8  in  the  syrup  in  the  last  cell,  as  given 
in  Table  I\'.  In  this  experiment  the  rate  of  evaporation  was  ob- 
tained by  observing  the  time,  T,  taken  to  fill  a  tank  of  63.5  cu.  ft. 
capacity  with  the  water  discharged  from  cell  I ;  a  fair  degree  of 
constancy  is  obtained  in  the  value  of  T  (C^ — Cj). 


15 


Ci 

o 

c 

'i*  .-t 

QC 

f-< 

■1^ 

o 

OS  OC  l- 

O 

'M 

ce 

Oi 

Oi  Oi 

CJ 

Oi 

K 

^-^ 

9t 


*>!  IC  'M  CC  LO  r-H 

C^l  O  IC  X  »C  OC 

o;  ?o  X  X  oc  oc 
1!^  Lo  lo  »r:  la  L't 


o 

«s 
o 
a 


5 

«s 

(—1      'i' 


GO 

GO 


lO  O  CC  O  b-  OJ 
•-•  1-1  (M  eC  CO  »C 

lo  »c  wt  »o  io  »r: 


X 


w 


> 


IC  -M  Oi  t^  'M  IC 

CC  CC  r-!  Oi  X  ?0 

•  ••••• 

fH    fH   1—!   O    O    C 


X 

> 


s 

8 

d 
o 

o 


4* 
id 


00  »0  O  r-i  OS  IC 

•  ■•■■■ 

^H  r-t  f-H  »— I  O   C 

o  o  o  o  o  o 


M 


T 


m  ir:  CO  r-  Oi  1^ 

•        ••■•• 

r-^  r-(  r^  ^^  O   O 


^^ 


CI  'M  ^  Tj*  X  c 

•  ••■•• 

Tt  '^  -^  Tf  rf  If: 
CI  CJ  01  OI  OI  01 


MO 


0  OI  CO  Tf  X  X 

•  ■•••• 

^7^     fjl     ^M*     ^5^     ^^     ^^ 

r— t  ^^  f-1  ^H  ^^  r— t 

01  OI  OI  OI  01  OI 


LC  1--  CO  IC  t^_  I'O 

in?  Lt  ic  id  i.o  ic 

OI  OI  CI  01  CI  CI 
01  01  01  CI  01  01 


o^ 


X  CO  C  CO  o  oo 


L-O  IC 


Oi  O   CI  rt4 

LTt  CO  :o  CO 


16 

Connection  Between  Temperature  and  Pressure  of 
Vapors.  In  most  articles  dealing  with  multiple  evaporation  the 
temperature  is  taken  as  that  corresponding  to  the  observed  pres- 
sure. \'ery  early  in  this  series  it  was  observed  that  especially  in 
the  last  cell  the  temperature  of  the  vapors  was  much  higher  than 
corresponded  to  the  pressure.  The  following  observations  were 
made,  see  Tables  \ ',  VI,  VII : 

TABLE  V. 

Oell  4,  Horizontal  Sabmergad  Tabe  ApparatOB. 


Vacuum 


23.5 
23.9 
24.6 
24.9 

25.8 
26.2 
26.5 


Temp.  ¥°  corre- 
sponding to  the 
vacuum 

142.8 
142.1 
135.5 
133.3 
124.9 
121.1 
118.0 


Observed 
temperature 


Superheat  F* 


154.5 
153.0 
144.0 
141.0 
137.3 
134.9 
130.1 


11.7 
10.9 
8.5 
i.t 
12.4 
13.8 
12.1 


TABLE  VL 
Cell  4,  Horizontal  Film 

Apparatus. 

147.5 
139.0 
137.0 
130.0 
127.5 

4.7 
4.2 
4.7 
5.1 
4.4 

23.5 
24.7 
25.0 
25.8 
26.0 

142.8 
134.8 
132.3 
124.9 
123.1 

TABLE   VII. 
Oell  4,  Vertical  Submerged  Tube  Apparatus. 


24.3 

137.7 

148.4 

10.7 

24.9 

133.3 

145.1 

11.8 

25.7 

125.8 

140.4 

14.6 

26.4 

119.0 

135.0 

16.0 

26.9 

113.5 

130.0 

16.5 

27.4 

105.0 

126.0 

21.0 

27.6 

103.0 

122.5 

19.5 

After  having  observed  the  very  considerable  degree  of  super- 
heat in  the  last  cell  observations  were  made  of  the  correspondence 
between  pressure  and  temperature  in  the  earlier  cells ;  the  obser- 
vations were  made  actually  with  reference  to  Q,  C3  and  C4,  in 
the  vapor  line  immediately  before  the  vapor  enters  an  effect; 
the  results  are  as  follows  and  were  obtained  by  making  simul- 
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taneous  readings  of  thermometer  and  mercury  pressure  gauges. 
These  observations  were  made  only  in  a  vertical  submerged  tube 
apparatus. 

TABLE   VIII. 
Oalandria  2. 


Vacuum  Ins. 
of  mercury 


Temperature 

corresponding  to 

the  vacuum  F" 


Actual 
temperature  F^ 


Superheat  F* 


6.4 

199.2 

200.2 

i.a 

6.7 

198.7 

199.8 

1.1 

6.8 

198.5 

199.8 

1.3 

6.9 

198.3 

199.3 

1.0 

7.1 

197.9 

199.0 

1.1 

7.2 

197.6 

198.8 

1.2 

7.3 

199.4 

198.8 

1.4 

TABLI 
Caland 

:  IX. 
ria  3. 

Temperature 

Vacuum  Ins. 

corresponding  to 

Actual 

Superheat  F° 

of  mercury 

the  vacuum  F" 

temperature  F'' 
178.1 

15.8 

175.7 

2.4 

16.1 

174.8 

177.3 

2.5 

16.2 

174.5 

176.8 

2.3 

16.4 

173.9 

175.7 

1.8 

17.4 

170.4 

172.7 

2.3 

This  superheating  of  vapor  does  not  appear  remarkable  when 
it  is  remembered  that  in  the  last  cell  for  example  juice  as  much 
as  50°  F.  above  the  temperature  at  which  ebullition  occurs  under 
the  prevailing  pressure  in  the  last  cell,  enters  from  the  penultimate 
cell.  Vapor  is  evidently  instantaneously  formed  at  the  tempera- 
ture at  which  the  juice  enters  and  the  excess  of  heat  does  not 
appear  as  heat  used  in  evaporation  of  water,  but  appears  as  super- 
heat in  the  generated  vapors. 

The  Amount  of  Water  Evaporated  in  Each  Cell.  As  hot- 
ter juice  from  an  earlier  cell  flows  into  a  later  one  a  certain 
amount  of  evaporation  independent  of  the  effect  produced  by  the 
steam  is  supposed  to  take  place.  The  amount  of  this  self -evapora- 
tion has  been  calculated  in  great  detail  by  Hausbrand,  who  as  the 
result  of  his  calculation  finds  that  in  a  quadruple  effect  the  total 
evolution  of  steam  is 


Cell  1 
1 


Cell  IT 
1.123 


Cell  in 
1.1S7 


evil  IV 

1.316 
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He  has  also  calculated  the  concentration  in  each  cell  on  the  basis 
of  which  the  following  figures  are  an  example: 

initial  strength 

%  Cell  1  Cell  2  Cell  3  Cell  4 

12.00  14.62  19.10  28.78  65.00 

As  these  calculations  have  a  distinct  bearing  on  design  it  was 
considered  of  interest  to  determine  experimentally  the  concentra- 
tion in  each  cell.  Accordingly  juice  samples  were  placed  on  the 
pipe  lines  of  the  effects  and  over  a  period  of  several  hours  many 
samples  were  collected  of  the  juice  in  transit  from  cell  to  cell. 
The  samples  were  eventually  analysed  and  a  selection  of  the 
results  is  given  in  Table  X. 

The  results  are  irregular  but  there  is  no  evidence  whatever  of 
a  progressive  increase  in  evaporation  from  cell  to  cell,  but  rather 
on  an  average  each  cell  evaporates  the  same  quantity  of  water. 

The  result  was  very  surprising  at  first  and  actually  the  experi- 
ments were  initiated  as  it  was  hoped  thus  to  obtain  a  measure 
of  the  heat  efficiency  of  the  apparatus,  as  it  was  thought  that  any 
declension  from  calculation  would  be  a  measure  of  the  heat  loss. 

The  non-appearance  of  the  evaporation  due  to  self -evaporation 
is,  however,  to  be  attributed  to  the  superheating  of  the  vapors 
discussed  in  the  preceding  section  and  will,  of  course,  also  be 
controlled  by  the  heat  losses  in  the  apparatus.  Another  source  of 
irregularity  will  be  found  in  steam  losses  occurring  through  the 
incondensible  gas  pipes. 

These  experiments  were  made  on  one  horiontal  submerged  tube 
and  two  vertical  submerged  tube  apparatuses. 


19 


< 


C^l  OS  -<*«  L*^  -?! 

-M  CO  »0  ri  CO 

•     •     •     •     • 

»0  OO  CO  -^  "^ 
1-H  1-H  04  CO  ?0 


^O  C  b-  »C 

(M  r-^  O  1^ 

•      •      ■  • 

l^  00  O  Oi 

1-1  *-•  C-l  r-i 


lO  I-  IC  »C  -M 

X  O  »-•  C-l  o 

»o  a>  '*  "<**  o 

rH  1-1  Ol  CO  ;0 


1^  O  >C  CO 

00  »0  CO  r-i 

•     •     •     • 

«o  l^  o»  »-i 

I— I  I— (  1—1  (71 


• 

w 

o 

X 

CO  b^  1^  -^  ^ 

»-J  r-  CO  «D  -^ 

o^j  irj  05  '^  ;d 

»H  i-l  rl  CO  «0 

• 

1 

a 

1 

U 

1 

1^  O  Ol  "* 

O  CO  OS  ^ 

.... 

O  1^  «D  1- 

©J  I-*  rl  r-< 

1 

• 

a 

0 
o 

1 

«s 

n 

«0  t^  CO  QC  O 
«  O  Oi  QO  X 

•     ■     •     •     « 

oj  :o  «-t  '-^  X 

1-t  ri  C^l  CO  «D 

Oi  X  X  C^J  'M 
OS  'M  <7J  rl  .-1 

•  •     •     •     • 

O  CO  X  X  O 
rl  rl  rH  (M  ;0 

.-t  IQ  O  r-  X 
OS  to  G^J  (M  <M 

•  •     ■     •     • 

O  CO  X  X  ITS 
fH  i-(  ri  <M  I© 

Tt<  «  OS  t- 

.-(  ;o  -^  X 

•    •    •    • 

'  1-1  OS  OS  o 
CI  rl  ri  OJ 

1 
1 

17.24 
22.65 
20.02 
20.80 

1 

1'  I-  X  «o 

,  O  OS  Cl  OS 

•    •    •   • 

1  O  OS  ^  r-1 
CI  1-1  CJ  CI 

4 

1 

OS  OS  t^  OS  '^  1 

X  in  OS  «o  »o 

•   •   •    •    •  1 
r-l  lO  -^  •-•  CO 
1-1  t-i  CI  CO  <0 

1 

1  "^  O  OS  X 
I-  O  »  CO 

•   •   •   • 

CO  OS  OS  o 
CI  r-l  .-1  CI 

O  b-  r-l  OS  X 

CI  '^  «o  ®  O 

•     ■     •     •     • 

CI  »0  O  •-•  CO 
i-(  r-i  C^l  CO  ^ 


^  to  OS  b- 
r-t  «D  -^  CO 

•     •     •     • 

•-H  OS  OS  o 
CI  ri  rl  CI 


I-  O  »  CI  Tt< 

o  »c  -^  »c  ■* 

..... 

rH  CO  X  X  »-< 
rH  r-<  r-!  CI  to 


©  t-  IQ  O 

O  X  O  X 

■    •    ■    • 

X  •— t  r-t  O 
r-i  CI  CI  CI 


O    - 


N  «  -r 

^->  1-^  1-3 

«     •     « 


rl  CI  CO  ""^^ 


20 

Loss  OF  TEMPERATrRE  Betweex  Cells.  Only  two  series  of 
observations  were  made  on  this  point,  one  series  was  made  on  a 
horizontal  submerged  tube  apparatus  of  11,284  sq.  ft.  heating 
surface ;  the  apparatus  exposed  an  area  of  2,950  sq.  ft.  of  which 
1,670  sq.  ft.  were  lagged  with  1  inch  asbestos  and  1,250  sq.  ft. 
were  bare.  The  vapor  pipes  were :  1-2,  17  inches ;  2-3,  20  inches ; 
3-4,  24  inches  in  diameter.  The  temperature  loss  was  found  to  be 

Vi^i  to  Co 1.9"  F. 

vs.,  to   i\ 2.3°  F. 

VS;'J  to  ('4 4.0''  F. 

Total 7.'2°  F. 

The  total  temperature  fall  being  about  lOO''  V.,  a  loss  of  tem- 
perature difference  of  7%  or  thereabouts  is  indicated.  The  sec- 
ond apparatus  was  a  vertical  submerged  tube  apparatus  of  14,146 
sq.  ft.  heating  surface  with  an  exposed  area  of  2,750  sq.  ft.,  all 
of  which  except  290  sq.  ft.  constituting  the  bottoms  of  the  cells 
was  lagged  with  2-inch  asbestos  and  j/^-inch  wood.  The  vapor 
pipes  were :  1-2,  23  inches  ;  2-3,  27  inches ;  3-4,  31  inches  in  diam- 
eter.    The  temperature  loss  was  found  to  be 

VSi  to  C2 2°  F. 

VSjj  to  Cj 7*>  F. 

VS;i  to  C'4 8°  F. 

Total 1.7°  F. 

Temperatire  of  the  Condensed  Water.  It  was  found  on 
experiment  that  the  temperature  of  the  condensed  water  in  each 
cell  left  just  a  fraction  of  a  degree  below  the  temperature  of  the 
steam  or  vapor  entering  the  cell  and  not  at  the  temperature  of  the 
juice  in  the  cell ;  that  is  to  say  €„  nearly  equals  C\V„  and  CWn 
is  not  =  Jn.  There  is  then  very  little  transfer  of  heat  from  the 
condensed  water  to  the  boiling  juice.  Some  actual  observations 
follow : 

TABTyE  XI. 


F° 

yo 

po 

F° 

F«» 

<'l 

220. S 

.)00   <^ 

230.0 

219.4 

221.4 

CWi 

220.4 

222.0 

229.4 

219.0 

221.0 

To 

210.4 

212.0 

211.0 

210.6 

214.0 

(Wo 

210.0 

211.2 

210.4 

210.0 

213.3 

<^:i 

196.4 

198.4 

197.2 

188.4 

190.2 

(Wa 

195.S 

198.0 

196.7 

187.7 

189.6 

r. 

1S0.2 

178.4 

184.3 

180.0 

179.1 

rw4 

180.0 

177.6 

184.0 

179.2 

178.5 
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Rate  of  Evaporation  as  Influenced  by  the  Vacuum  in 
THE  Last  Cell.  The  following  statement  occurs  in  Claassen's 
**Beet  Manufacture,*'  p.  122,  English  Edition: 

"The  means  at  hand  for  increasing  the  heat-transference  of  the 
last  effects  are  to  increase  the  temperature- fall  and  to  keep  the 
boiling-temperature  not  too  low  by  too  high  a  vacuum.  If  the 
vacuum  rises  much  above  60  cm.  (24  inches),  it  is  true  that  the 
temperature- fall  increases  more  in  proportion  to  every  centimeter 
rise  in  the  vacuum,  but  the  heat-transference  coefficient  decreases 
in  much  greater  portion  as  the  boiling-temperature  sinks.  Hence 
it  appears  useless  to  keep  the  vacuum  higher  than  60  cm.,  and 
indeed  such  high  vacuums  are  difficult  to  reach  unless  a  large 
amount  of  cold  water  and  a  perfectly  working  vacuum-pump 
are  available.  Taking  all  circumstances  of  actual  practice  into 
consideration,  it  is  best  to  work  at  a  vacuum  of  about  60  cm." 

This  point  is  of  great  interest  and  many  experiments  were  made 
to  test  it,  in  the  first  place  as  a  general  rule  it  may  be  accepted 
that  the  rate  of  evaporation  is  proportional  to  the  temperature 
fall,  that  is  to  say  to  Ci — J 4,  but  it  should  not  be  accepted  that 
the  rate  is  independent  of  the  conditions  under  which  the  value 
of  Cj — J4  is  the  same :  for  example,  C^  may  be  say  230°  F.  and  J^ 
mav  be  130°  F.,  making  C, — J^^lOO®  F. ;  if  C  be  reduced  to 
218°  F.  and  J,  to  118°  F.,  C^— J,  again  is  100°  F.,  but  it  does 
not  follow  that  the  rate  of  evaporation  is  the  same  in  both  cases. 

Series  i.  Quadruple  effect  horizontal  tube  film  evaporator. 
In  this  series  measurements  were  made  of  the  water  condensed  in 
the  first  cell,  of  the  syrup  discharged  with  determination  of  the 
Rrix  of  Jo  and  J^  and  of  the  value  of  Cj — Co.  The  experiments 
in  each  case  were  of  one  hour's  duration.  The  results  obtained 
were,  see  Table  XII. 


Fo 

222.1 
222.8 
223.3 
221.3 


C2 
F» 


208.9 
210.2 
211.3 
210.4 


M 


13.2 
12.6 
12.0 
10.9 
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TABLE  Xir. 


122.1 
131.4 
140.0 
148.0 


1.000 
.955 
.909 
.827 


2  Ss2 


0/ 


90 


90 


C0 


is 

k  us 


1.000 
.970 
.8% 
.845 


1.000 
.964 
.884 
.836 


In  this  experiment  no  very  great  constancy  was  obtained  in 
the  value  of  C, ;  a  second  experiment  made  only  so  far  as  regards 
temperature  difference  gave  the  following  results.  See  Table 
XIII. 


TABLE  XIIL 


222.8 
222.9 
222.9 
223.0 


M 

^ 

'>»' 

C2 

F* 

^ 

N-/ 

209.6 

13.2 

210.2 

12.7 

211.0 

11.9 

211.5 

11.5 

> 

a  ft* 

> 

VS4 

^^ 

Sua 
26.3 

w* 

PS 

,     123.0 

99.8 

13.4 

1.000 

132.0 

90.9 

25.6 

14.0 

.962 

139.7 

83.2 

24.6 

14.3 

.902 

147.1 

75.9 

23.7 

1.12 

.872 

After  making  these  experiments  it  was  found  more  convenient 
to  compare  the  normal  vacuum  used  in  the  factory  with  one  other 
vacuum  rather  than  attempt  to  make  four  determinations  in  one 
day.     The  following  results  were  obtained,  sec  Table  XIV. 
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TABLE  XIV. 
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26.2 
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207.9 

24.3 
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92.2 
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.920 
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.902 

/  231.6 
I  231.8 

209,8 

21.8 
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107.6 

26.1 

20.2 

1.000 

1.000 

1.000 

;  212.5 

19.3 

147.1 

83.7 

23.7 

23.7 

,885 

.863 

.872 

These  series  of  experiments  give  then  an  increase  in  the  rate  of 
evaporation  with  increase  in  vacuum  in  the  last  cell  between  the 
limits  of  23  inches  of  vacuum  and  27  inches  of  vacuum,  the 
rates  of  evaporation  as  found  from  consideration  of  the  tempera- 
ture difference  the  condensed  water  from  cell  1  and  the  syrup 
discharged  from  cell  4  being  in  fair  agreement. 

Series  II.  These  experiments  were  made  in  a  quadruple  effect 
vertical  submerged  tube  apparatus.  The  method  of  testing  was 
based  on  timing  the  period  required  to  fill  a  tank  of  63.5  cubic  feet 
with  the  discharge  from  the  first  cell.  At  the  same  time  the 
following  temperature  observations  were  made,  C^,  Co,  VS4  and 
the  vacuum  in  the  last  body.  The  temperature  was  kept  as  con- 
stant as  possible  by  hand  control  of  the  live  steam  valve.  The 
results  are  given  in  tabular  form  in  tables  XV  and  X\^I,  T  denot- 
ing the  time  in  seconds  required  to  fill  the  tank. 
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Series  III.  This  was  a  duplicate  of  Series  II  in  a  different 
apparatus  of  8996  sq.  ft.  heating  surface.  The  results  are  as 
below  in  Tables  XVII  and  XVIII ;  in  this  series  the  temperature 
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Ji  was  taken  in  place  of  Cg  and  C^ — Ji  as  the  temperature  dif- 
ference in  the  first  cell. 
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Scries  IV\     This  experiment  was  made  in  a  triple  effect  appa- 
ratus of  3000  sq.  ft.  heating  surface  and  was  concerned  only  with 

C1-C2 

the  determination  of  the  value  C, — C,  and  of  the  ratio 

C,  -  VS4 

where  Ci  remains  constant  and  \  S^  varies.  In  a  certain  mill 
which  worked  with  an  abnormally  high  exhaust  pressure,  ar- 
rangements were  made  to  remove  some  of  the  weights  from  the 
valve  on  the  exhaust  line  so  that  steam  blew  off  under  a  constant 
pressure.  In  this  experiment  the  temperature  in  the  calandria 
of  cell  1  remained  exactly  constant  throughout  the  whole  time 
of  the  experiment.     The  »*esults  are  given  in  Table  XIX. 


TABLE  XIX. 
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23.2 
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.882 

226.4 
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148.6 

8.8 

77.8 

22.7 

11.32             1 

.863 

Scries   V,     This  series  was  made  on  a  horizontal  tube  film 

evaporator.     The  value  of  VS^  was  not  taken  and  the  rate  was- 

obtained  from  measurement  of  the  syrup.     Results  are  given  in 

Tables  XX  and  XXI. 

TABLE  XX. 
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TABLE 
27.0 

XXT 

212.4 

1.000 

1.000 

212.4 

204.1 

8.3 

25.9 

.907 

.883 

212.4 

204.8 

7.6 

24.9 

.806 

.808 

This  whole  series  of  experiments  may  be  thus  summarized: 
1.     In  a  multiple  effect  evaporator  in  which  the  heating  steam  is 
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kept  at  constant  temperature  there  is  a  progressive  increase  in 
the  rate  of  evaporation  as  the  vacuum  in  the  last  cell  or  the  total 
fall  in  temperature  is  increased. 

2.  The  difference  in  temperature  in  the  first  cell  is  an  index 
of  the  rate  of  evaporation  of  the  whole  apparatus. 

3.  There  is  evidence  that  the  rate  of  evaporation  increases 
more  rapidly  than  the  temperature  difference  increases ;  that  is  to 
say  the  product  of  T  (Cj — Co)  tends  to  increase  as  T  increases. 

4.  As  the  vacuum  in  the  last  cell  is  decreased  and  conse- 
quently the  total  fall  in  temperature  is  decreased  a  greater  per- 
centage of  the  fall  is  taken  up  in  the  first  cell,  but  this  increase  in 
the  percentage  taken  up  in  the  first  cell  is  not  sufficient  to  com- 
pensate for  the  decrease  in  the  total  fall  in  temperature. 

6.  Pump  capacity  being  cheaper  than  heating  surface  it  will 
always  pay  to  maintain  a  high  vacuum  in  the  last  cell. 

Rate  of  Evaporation  as  Influenced  by  Higher  Initial 
Temperature.  This  series  of  experiments,  the  converse  of  those 
described  in  the  preceding  section,  were  performed  in  two  vertical 
submerged  tube  apparatuses. 

In  a  preliminary  experiment  instructions  were  given  to  the 
operator  to  gradually  increase  the  steam  pressure  or  value  of  C, ; 
observers  stationed  at  C^  and  C^  took  simultaneous  readings  of 
the  values  of  C,  and  C.^  every  thirty  seconds.  The  whole  experi- 
ment was  concluded  within  15  minutes  with  the  results  shown 
below,  in  Table  XXII. 
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TABLE  XXII. 


^'l 

^2 

F° 
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Ci  -  C2 

221.5 

212.0 

9.5 

221.4 

212.0 
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15.8 
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214.7 

15.7 

231.6 

215.4 

15.2 

231.8 

215.8 

16.0 

230.0 

215.4 

14.6 

228.0 

214.7 

13.3 

226.2 

214.7 

11.5 

223.7 

213.0 

9.7 

220.8 

213.9 

6.9 

220.5 

212.0 

8.5 

219.6 

211.7 

7.9 

The  detailed  results  of  the  trials  are  given  in  Tables  XXIII, 
XXIV  and  XXV. 
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The  results  of  these  experiments  may  be  summarized: 

1.  As  the  temperature  (or  pressure)  of  the  heating  steam  rises 
from  212°  F.  to  230°  F.  (or  from  a  gauge  pressure  of  0  to  6.5 
lbs.  per  sq.  in.)  there  is  a  very  rapid  rise  in  the  rate  of  evapora- 
tion, which  between  these  limits  may  double. 

2.  As  the  temperature  of  the  heating  steam  increases  the  per- 
centage of  the  total  fall  taken  up  in  the  first  cell  also  increases. 

3.  The  increase  in  the  rate  of  evaporation  is  in  much  greater 
proportion  than  is  the  increase  in  the  total  fall  in  temperature. 

General  Conspectus  of  the  Effect  in  V.xriation  of  Cj  and 
VS^  ON  the  Rate  of  Evaporation.  For  the  purposes  of  easy 
comparison  the  results  of  two  series  made  in  one  and  the  same 
apparatus  under  conditions  as  close  as  ix)ssible  are  brought  to- 
gether in  Tables  XXVI  and  XXVII. 

These  experiments  include  a  range  for  C^  from  212.6^  F.  or 
just  over  atmospheric  pressure  to  230.8°  F.  or  a  pressure  of  over 
6  lbs.  gauge ;  a  range  in  VS^  from  120°  F.  to  148°  F.  correspond- 
ing to  gauge  readings  of  27.5  inches  to  24.0  inches  of  vacuum 
and  to  a  total  temperature  difference  of  from  71.7°  F.  to  104.8°  F. 
Inspection  of  these  results  (column  9)  brings  out  a  f)oint  of  very 
considerable  interest,  which  may  be  expressed  thus.  In  a  quadru- 
ple effect  apparatus  the  percentage  of  the  total  fall  in  temperature 

(.1-VS4 
taken  up  in  the  last  cell,  that  is  to  say,  the  value  of   

^  -^  C,  —  VS4 

is  independent  of  variation  in  Ci  and  VS^.  The  total  fall  in 
temperature  is  not  at  once  a  measure' of  the  rate  of  evaporation, 
which  is  also  controlled  by  the  absolute  temperature  prevailing 
in  the  apparatus  and  in  a  very  remarkable  manner.  When  Cj 
is  increased  from  212.6  to  230.8,  C, — VS4  is  increased  from  92.3 
to  104.8,  the  rate  of  evaporation  increasing  in  the  same  time 
as  the  ratio  445  to  1012,  that  is  to  say  a  very  great  in- 
crease is  to  be  attributed  to  the  higher  temperature  prevail- 
ing, at  the  same  time  the  temperature  difference  in  the  last 
cell  rises  from  48.7  to  58.0,  the  rate  of  evaporation  increas- 
ing in  the  ratio  445  to  1012;  when,  however,  Ci  is  kept 
constant  and  a  higher  temperature  prevails  in  the  appara- 
tus due  to  increasing  V^S4  a  very  much  smaller  increase  due  to 
higher  temperature  obtains ;  thus  with  a  total  fall  of  97.6  F° 

the  tank  took  508  seconds  to  fill  and  with  a  total  fall  of  71.7°  F. 

568                           71 . 7 
it  took  835  seconds  to  fill;  now  —     =    J^t"^  and  =  .680, 

835  97.6 
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a  verv  different  rate  of  increase  to  be  attributed  to  higher  tern- 
perature  than  when  C,  was  increased. 

In  the  series  with  X'S^  varying  there  is  another  remarkable 
point;  with  VS,  =  122.5  C/—  VS,  was  53.7;  when  VS,  is 

40.6  568 

148.4  C,  —  VS^  is  40.6;  now =  .755  and  —    =  .680,  so 

53 . 7  835 

that  although  in  the  second  case  the  fourth  cell  is  hotter  the 
rate  of  evaporation  per  degree  fall  is  decreased;  this  can  be 
explained  by  introducing  another  factor  and  it  is  probable  that 
in  the  last  cell  the  rate  of  transfer  of  heat  increases  not  as  a 
linear  function  of  the  temperature  difference  but  much  more 
rapidly.  As  another  comparison  take  the  second  result  in  the 
first  table  and  the  penultimate  one  in  the  second  table ;  the  appara- 
tus was  working  at  the  same  rate  in  both  cases,  although  it  is 
by  no  means  certain  other  conditions  such  as  scale  were  the  same. 
In  the  one  case  C4  —  VS^  is  50.5  and  in  the  second  the  value  is 
42.9;  in  the  second  case  the  temperature  is  higher;  the  varying 
conditions  here  have  just  balanced. 

In  commencing  these  experiments  the  writer  had  hoped  to  have 
obtained  data  to  solve  the  following  problem:  **Given  a  certain 
area  of  heating  surface  how  to  divide  the  same  so  as  to  obtain  the 
greatest  rate  of  evaporation."  The  writer  has  been  unable  to 
solve  this  problem  and  has  to  be  content  with  merely  indicating 
it  in  a  simple  form.  Consider  a  double  effect  with  equally  divided 
heating  surface  =  a  in  each  body;  let  the  total  fall  in  tem- 
perature be  lOO""  of  which  20°  obtains  in  the  first  cell  and  80° 
in  the  second  cell ;  add  another  unit  to  the  first  cell  making  the 
first  cell  2a  and  the  total  3a ;  the  same  evaporation  will  now  be 
done  in  the  first  cell  with  a  fall  in  temperature  of  10°  leaving 
90°  for  the  second  cell ;  suppose  the  transfer  of  heat  in  the  second 
cell  varies  with  some  power  of  the  temperature  difference ;  let  this 

(90)" 

power  be  n;  then  if    (— )     >   1.5  evidently  the  capacity  of  the 

(80) 

apparatus  per  sq.  ft.  has  been  increased.  A  study  of  the  results 
tabulated  above  points  to  an  increase  in  the  rate  of  evaporation 
with  decreasing  heating  surface  from  cell  1  onwards ;  it  is,  how- 
ever, so  much  to  the  advantage  of  constructors  to  make  all  the 
cells  from  the  same  patterns  that  an  apparatus  with  exactly 
divided  surface  will  remain  a  standard  type.  Where  as  some- 
times happens  due  to  amalgamations  evaporating  plants  are  made 
up  of  different  apparatus,  it  would  probably  be  better  to  install 
any  larger  cell  as  the  first  cell ;  this  is  all  the  more  so  since  the 
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first  cell  has  generally  to  perform  heating  as  well  as  evaporation. 
The  argument  that  the  greater  scale  formation  in  the  later  cells 
demands  a  larger  heating  surface  is  not  to  be  readily  accepted 
since  with  formation  of  scale  a  still  greater  temperature  difference 
will  be  required  to  keep  the  juices  in  the  later  cells  in  active  ebulli- 
tion; the  presence  of  scale  is  actually  in  line  with  the  low  con- 
ductivity already  found  in  the  last  cell. 

The  Heat  Economy  of  Multiple  Effect  Evaporators. 
The  actual  amount  of  water  evaporated  per  lb.  of  steam  sup- 
plied in  a  multiple  eflPect  evaporator  will  depend  absolutely  on : 

1.  The  total  heat  in  the  steam  supplied. 

2.  The  total  heat  in  the  juice  entering  the  first  cell. 
3.^   The  total  heat  in  the  discharged  syrup. 

4.  The  total  heat  in  the  discharged  water  of  condensation. 

5.  The  total  heat  in  the  vapor  discharged  from  the  last  cell. 
Under  working  conditions  the  evaporation  will  be  aflFected  by : 
1.     The  method  of  evacuation  of  the  condensed  waters. 

The  short  circuiting  of  steam  along  with  the  incondensible 


2. 

gases 
3. 
4. 


The  degree  of  superheat  in  the  vapors. 
Radiation  losses. 


The  maximum  evaporation  will  occur  when  the  condensed 
waters  are  passed  from  cell  to  cell  and  leave  the  calandrias  at  the 
temperature  at  which  the  juice  is  boiling  in  that  cell ;  that  is  to 
say  when  CWn  :^  Jn  and  not  =  Cn  as  actually  occurs. 

An  academic  computation  of  this  case  follows:  Let  the  tem- 
perature of  ebullition  in  the  four  cells  be,  see  Fig.  5,  212°  F., 
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203°  F.,  185°  F.  and  130°  F. ;  let  1  lb.  of  steam  enter  cell  1  at 
227°  F.  and  let  61bs.  juice  enter  cell  1  at  212°  F.  and  be  of 
specific  heat  ,9. 

Then  1  lb.  steam  at  227°  F.  condensing  and  passing  away  to 
cell  2  at  212°  F.  gives  up  975.2  B.  T.  U.  and  evaporates  1.006  lbs. 
water  from  and  at  212°  F. 
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There  passes  on  to  the  calandria  of  cell  2  1.006  lbs.  steam  at 
212*^  F.  and  1  lb.  water  at  212^  F. ;  there  leaves  the  calandria 
of  cell  2  2.C06  lbs.  water  at  203^  F.  so  that  in  ail  978.8  B.  T.  U. 
have  been  surrendered  which  will  evaporate  from  and  at  203°  F., 
1.013  lbs.  water;  simultaneously  4.S>94  lbs.  of  juice  pass  into  cell 
2  from  cell  1,  and  in  cooling  down  from  212°  F.  to  203°  F.  they 
give  up  4.993  X  9  X  9  =  40.3  B.  T.  U.  corresponding  to  the 
evaporation  of  .042  lbs.  water  so  that  the  total  evaporation  in  cell 
2  is  1.055  lbs.  water.  Proceeding  on  these  lines  the  total  evapora- 
tion in  cell  3  is  found  to  be  1.165  lbs.  water  and  in  cell  4  1.357 
lbs.     The  final  state  of  the  apparatus  is  as  follows: 

Water  at  130°  F.  discharged  from  calandria  4  =  4.226  lbs. 

\'apor  at  130"^  F.  discharged  from  vapor  space  4  =  1.476  lbs. 

Syrup  at  130°  F.  and  .6  specific  heat  discharged  from  cell 
4  =  1.2^;8  lbs. 

Water  evaporated  per  lb.  steam  4.702  lbs. 

A  diagramatic  scheme  of  the  system  appears  in  Fig.  5. 

Expressed  per  l.CCO  unit  of  juice  the  final  position  is: 

Juice  at  212°  F 1.000 

Condensed  water  at  130^  F 704 

Svrup  at  130°  F 216 

Vapor  at  130°  F 246 

Steam  admitted  at  227°  F 167 

Water  evaporated 784 

The  heat  balance  of  the  system  appears  as  follows : 

IMlvered  to  Apparatus. 

Juice 1.000   X   .9   X    180  1620 

Steam 167  1930   3550 

Removed  From  Apparatus. 

Syrup 216   X   .6   X     98  127 

Condensed   water    704   X   98  690 

Vapor 246   X    1116.7  2747   3564 

The  ratio  between  condensed  water  and  water  evaporated  will 
be  very  largely  influenced  by  the  initial  temperature  of  the  juice 
entering,  that  is  to  say  by  the  value  of  Jo.  The  value  4.70  applies 
only  to  the  conditions  stipulated,  namely  Jo  212"^  F.,  J^  and  VS4 
and  CW^  130^   F.  the  following  table  gives  the  variation  in  the 

water  evaporated 

values  of  for  a  variation  in  Jo  from  162°   F. 

steam  used 

to  216°  F.: 


*  The  temperatures  selected  for  this  example  are  unfortunate  and  give  a  jrreater 
value  to  C^  —  Cj  than  to  C— C:  with  r,-227°  F.,  C^  should  be  about  217°  F.,  so 
that  C  — C\.-10'  F..  and  l\.  — r:,=  14°  F.  The  calculation  and  cut  for  Fig.  5  were 
made  before  I  noticed  the  islip,  which  does  not  affect  in  any  appreciable  way  the 
result    of   the   computation. 
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Experimental  Tests  of  Heat  Economy  of  Evaporators. 

The  heat  economy  of  five  evaporators  was  determined,  economy 

water  evaporatotl 

being  defined  as  the  ratio  of  as  calculated  in 

maximum  possible 

Table  XXVII,  taking  into  consideration  the  value  of  Jo  but 
neglecting  other  factors. 

In  the  following  tabulation  all  quantities  are  referred  to  the 
weight  of  juice  entering  which  is  put  e(|ual  to  unity.  In  the  hori- 
zontal tube  apparatus  ( Lillie  film  type)  the  evaporation  in  each 
cell  was  not  determined  and  the  value  for  the  vapor  found  in 
cell  4  is  approximated  from  the  determinations  in  the  other 
apparatus. 

In  obtaining  the  amount  of  water  that  present  in  the  steam  as 
found  by  calorimeter  tests  is  deducted :  the  temperature  values 
of  the  condensed  water  was  not  determined  in  all  these  experi- 
ments, but  it  is  taken  as  that  of  the  steam  in  the  calandria  whence 
it  flows. 

The  experimental  observations  necessary  for  the  determination 
of  the  heat  economy  of  a  multiple  effect  evaporator  comprised : 
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1.  Determinations  of  the  density  and  temperature  of  the  in- 
coming juice. 

2.  Determinations  of  the  volume,  density  and  temperature  of 
the  outgoing  syrup. 

3.  Determinations  of  the  temperature  and  volume  of  the  water 
discharged  from  the  first  cell. 

4.  Determinations  of  the  temperature  and  quality  of  the  steam, 
made  as  described  on  page  . .  • 

The  water  from  the  first  cell  was  often  discharged  at  a  tem- 
perature above  212°  F.  and  consequently  a  certain  amount  of 
water  evaporated  on  release  from  the  trap.  A  correction  was, 
when  necessary,  applied  for  this,  as  exemplified  below :  420.3  c.  ft. 
water  were  obtained,  measured  at  203°  F.  and  discharged  at 
227°  F.  At  IIT"  F.  the  total  heat  of  water  is  1155.5  B.  T.  U. 
and  at  212°  F.  it  is  1151.5  B.  T.  U.;  at  212°  F.  the  latent  heat 

of  evaporation  is  966.5   so  that  the  condensed  water  on  dis- 

4 


charging  evaporates 


966.5 


=  .0041  of  its  weight.     At  203°  F. 


1  c.  ft.  of  water  weighs  60.2  lbs.,  so  that  the  water  collected  is 
420.3  X  60.2  -^  (1  —  .0041)  =  24,198  lbs.  The  steam  admitted 
to  the  first  cell  contained  .2%  water  so  the  actual  amount  of  con- 
densed steam  is  24,150  lbs. 

It    was    found    that    no    inconsiderable    degree    of    accuracy 
could    be    obtained    in    duplicate    determinations    of    the    ratio 

water  evaporated 
steam  condeosed 

In  a  series  with  one  evaporator  the  following  consecutive  re- 
sults were  obtained: 


Water   evaporated 

] 

Jo 

!               Ci 

steam  condensed 

1               F" 

I               F* 

3.408 

192 

230.9 

3.375 

190 

232.1 

3.372 

190 

231.1 

3.353 

188 

229.9 

3.392 

192 

231.3 

Average    3.380 


190.2 


231.1 


Six  evaporators  in  all  were  tested  with  the  following  results: 
The  apparatus  in  question  are: 

No.  1.  Horizontal  film  evaporator,  quadruple  eflfect,  8906 
sq.  ft.  heating  surface  evaporating  at  the  rate  of  5-6  lbs.  per 
sq.  ft.  per  hour ;  area  exposed  to  radiation  2500  sq.  ft.  of  which 
2170  sq.  ft.  is  protected  with  1  inch  asbestos  and  330  sq.  ft.  is 
naked. 
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No.  2.  Horizontal  film  quadruple  effect  evaporator  of  9775 
sq.  ft.  heating  surface  evaporating  at  the  rate  of  9-10  lbs.  per 
sq.  ft.  per  hour;  area  exposed  to  radiation  2800  sq.  ft.  of  which 
all  is  unprotected. 

No.  3.  Horizontal  submerged  tube  apparatus  of  11,284  sq.  ft. 
heating  surface  evaporating  at  the  rate  of  6-7  lbs.  per  sq.  ft.  per 
hour;  area  exposed  to  radiation  2950  sq.  ft.  of  which  1670  sq.  ft. 
is  lagged  with  1  inch  asbestos  and  1280  sq.  ft.  is  bare. 

No.  4.  Vertical  submerged  tube  quadruple  effect  evaporator 
of  12,521  sq.  ft.  heating  surface  evaporating  at  the  rate  of 
5-6  lbs.  per  sq.  ft.  per  hour;  bodies  lagged  with  wood  and  J.2 
inch  air  space ;  domes  and  pipes  with  2  inches  asbestos ;  total  ex- 
posed area  2250  sq.  ft.,  of  which  2010  protected  and  240  is  bare. 

No.  5.  Vertical  submerged  tube  quadruple  effect  evaporator  of 
14,146  sq.  ft.  heating  surface  evaporating  at  the  rate  of  9-10  lbs. 
per  sq.  ft.  per  hour;  area  of  exposed  surface  2750  sq.  ft.,  of 
which  2460  lagged  with  2  inches  asbestos  and  3^  inch  wood  and 
290  sq.  ft.  is  bare. 

No.  6.  Vertical  submerged  tube  quadruple  effect  evaporator 
of  8200  sq.  ft.  heating  surface  evaporating  at  the  rate  of  6-7  lbs. 
per  sq.  ft.  per  hour;  exposed  area  2580  sq.  ft.  of  which  2300  is 
lagged  with  1  inch  asbestos  and  Yi  inch  wood  and  280  sq.  ft.  is 
bare.     The  average  results  of  the  trials  appear  in  Table  XXVHI. 

TABLE  XXVni. 


No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Weight  of  juice 

*  *        *  *   steam 

*  *        *  *   svruD    

1.000 
.208 
.279 
.721 

3.46 

189 

225 

•  •    • 
■   •   • 

1    178 
130 

1    ... 

•  •   • 

(18.7) 

1.000 
.239 
.240 
.759 

3.18 

180 

214 

•  ■   • 

•  >   • 

•  ■   • 

180 
132 

•  ■   • 

•  •   • 

(19.7) 

1.000 
.226 
.232 
.767 

3.39 

190 

235 

235 

220 

194 

172 

140 
19.3 
18.1 
19.6 
19.6 

1.000 
.234 
.181 

.819 

3.50 

175 

217 

217 

203 

194 

185 

146 
20.0 
20.3 
20.5 
21.1 

1.000 
.180 
.225 

* '        *  *   water  evaporated . . . 
Water  -;-  Steam 

.775 
4.31 

J^  F° 

214 

^ 0         ••. 

Ci  F* 

229 

CWj  F° 

229 

CWg  F" 

216 

CWo  F° 

195 

■v>«         .J       J. 

CW4  F** 

176 

VS4  F° 

%  evaporation  in  1 

%            <<             <'    2 

125 
19.7 
18.5 

%            ''             '*   3 

%             ''              *'    4 

18.8 
20.5 

=  1413 

—  2402. 

...3815 

=  1.000 

X  193  —  402 

X  146  —  780 

—  146 

—  2089. 

...3435 

—  .900 

380 

—  .100 

=  1332 

=  2746.. 

..4078 

—  1.000 

X  182  =  436 

X  148  —  834 

=  144 

9'JQO 

..3616 

—  .886 

462 

=  .114 
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A  heat  balance  of  these  six  evaporators  appears  as  follows: 

No.  1,  average  of  twelve  trials. 

Total  heat  in 
Juice     =  1.000   X        .9 
Steam  =     .208   X   1155 
Condensed  water  from  cell  1  =  .208 

Syrup  =  .279   X   .6   X   98 

Vapor  from  cell  4  .187   X    1117 

Unaccounted  for 

Economy  .833 

Xo,  2,  average  of  two  trials. 

Total  heat  in 
Juice     =  1.000   X         .9   X   148 
Hteam  =     .239   X    1149 
Condensed  water  from  cell  1  =:  .239 
**  **  ''       **    4  =  .563 

Syrup  =  .240   X    .6    X    100 
Vapor  from  cell  4  .197   X   1118 
Unaccounted  for 
Economy  .794 

No.  3,  average  of  twelve  trials. 
Total  heat  in 
Juice     =  1.000   X         .9   X    158  =  142.2 

Steam  =     .226   X    1159  =  261.9 404.1  =  1.000 

Condensed  water  from  cell  1  =  .226  X   204  =     46.2 

**  **        **     2  =  .193  X   188  =     36.3 

**  "  *'       **     3  =  .181  X    162  =     29.4 

''  •*  **        **     4  =  .196  X    140  =     27.5 

Svrup  =  .232   X   6   X    108  ==     15.1 

Vapor  from  cell  4  196   X    1121  =  219.7 3742     =     .926 

Unaccounted  for  29.9  =     .074 

Economy  .809 

No.  4,  average  of  six  trials. 

Total  heat  in 
Juice     =  1.000   X         .9   X    143 
Steam  =     .234   X    1152 

Condensed  water  from  cell  1  = 

II  ( <  ( (        <  (     .>  ^^_ 

i (  it         (I       i i     ^  ^-- 

t  i  i  i  (  <  '  '       4    

Syrup  =  .181    X   .6   X    114 

Vapor  from  cell  4  .211   X    1123 

T'naccounted  for 

Economy  .895 

No.  5,  average  of  three  trials. 

Total  heat  in 

Juice     =  1.000    X         .9    X    182 

Steam  =     .180   X   1156 

Condensed  water  from  cell  1  = 
1 1  ( (  ( <        ( <     «>  

it  i  i  i  i  <  t         o     

( (  ( (  i  i        * '      4  ^= 

Syruj)  =  225   X   .6    X    93 

Vapor  from  cell  4  .205   X   1114 

T^uaccounted  for 

Economv  .905 


129.7 

279.9. 

. .  .  409.6  —  1.000 

.234 

X 

185  — 

43.4 

.200 

X 

171  = 

34.2 

.203 

X 

162  — 

33.0 

.305 

X 

153  — 

31.4 
12.4 

236.9. 

18.3  —  .047 

163.8 

207.1.. 

..3709 

—  1.000 

.180 

X 

197  — 

35.5 

.197 

X 

1S4  — 

36.3 

.185 

X 

163  — 

30.1 

.188 

X 

144  = 

27.1 
12.8 

228.5.. 

..3703 
6 

=  .999 
—  .00 1 
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No.  6,  one  trial. 

In  this  trial  only  the  value  of  Jo  and  the  ratio  between  steam 
used  and  water  evaporated  was  determined ;  this  latter  was  found 
to  be  4.05  with  juice  entering  at  202°  F.,  giving  an  economy 
of  .908. 

Examination  of  these  results  shows  a  verv  marked  difference 
between  those  apparatus  which  are  covered  with  insulating  mate- 
rial and  those  which  are  not  so  protected ;  the  differences  in  the 
economy  are,  however,  controlled  also  by  the  short  circuiting  of 
steam  along  with  the  incondensible  gases. 

Evaporative  Capacity  of  Quadruple  Effects.  During  the 
course  of  these  experiments  opportunity  was  taken  to  determine 
the  evaporative  capacity  under  normal  working  conditions  of  a 
number  of  evaporators.  The  results  of  a  number  of  tests  are 
given  below : 

1.  Quadruple  Effect  Vertical  Submerged  Tube  Apparatus, 
The  essentials  of  design  in  this  apparatus  are  as  below : 

Heating  Surface. — The  heating  surface  is  equally  divided  be- 
tween the  four  bodies  and  is  formed  of  copper  tubes  2"  external 
and  1%"  internal  diameter:  the  tubes  are  48  inches  long  and 
number  2156  in  each  vessel.  The  vessels  are  12  ft.  6  ins.  in  dia- 
meter and  the  central  circulating  tube  is  4  ft.  in  diameter.  The 
heating  surface  is  then  using  the  internal  diameter*  of  the  tubes: 

3.14159  X   1.870  X  2516 

Tubes =  19760  sq.  ft. 

144 
Tube  plates  8  X  [  (67854  X  12.5  X  12.5)  —  (2516  X  .7854 

X   1/6   X    1/6)  —  (.78.54   X   4   X  4)  ]  =  442  sq.  ft. 

Central  Tube  3.14159  X  4  X  4  X  4  =  201  sq.  ft. 


Total  20403  sq.  ft. 

or  5101  sq.  ft,  per  vessel. 

Steam  Distribution. — The  distribution  of  steam  or  vapor  (see 
Figs.  6  and  7)  in  each  cell  is  obtained  by  means  of  a  steam  belt. 
B.  12  inches  wide,  completely  surrounding  the  calandria.  Steam 
or  vapor  enters  in  each  vessel  at  two  places  separated  from  each 
other  90° — see  A.  Surrounding  the  tubular  cluster  are  40  dis- 
tributing plates  separated  from  each  other  5/2",  13^2'',  2j.{J",  3" 
in  the  first,  second,  third  and  fourth  vessels  respectively.  These 
plates  are  best  perhaps  described  as  a  casing  surrounding  the 


*  The  literature  of  the  sugar  cane  is  not  well  supplied  with  data  on  evaporator 
trials  and  I  have  come  across  no  precedent  establishinK  whether  the  heating  surface 
should  be  calculated  on  internal  or  external  diameter  of  tubes.  The  object  of  the 
apparatus  is  to  transfer  heat  to  the  juice  and  as  the  juice  in  the  apparatus  is  in 
contact  with  the  tubes  internally  I  think  it  more  logical  to  consider  the  heating  sur- 
face as  that  afforded  by  the  inside  of  the  tubes;  actually  the  outside  of  the  tube  acts 
as  a  condenser  and  is  therefore  cooling  surface:  similarly  in  a  horizontal  tube  ap- 
paratus as  the  WellnerJelinek  or  Swenson.  in  a  film  apparatus  as  the  Lillie  or 
in  a  Standard  or  helical  coil  pan,  I  think  the  external  area  of  the  tubes  should  be 
considered  as  heating  surface. 
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tubular  cluster  and  in  which  slots  are  cut  of  the  width  given 
above:  the  slots  start  alternately  from  top  and  bottom  of  the 
casing,  a  top  or  bottom  slot  being  spaced  midway  between  two 
bottom  or  two  top  slots :  they  terminate  3  inches  above  or  below 
a  mid  point  on  the  casing:  they  are  then  1  ft.  9  ins.  long.  The 
area  of  the  slots  is : 

Vessel  I  40   X  1.75   X   i/24  ==     2.92  sq.  ft. 

'*  II  40   X  1.75   X   3/24  =     8.75  ''     *' 

**  III  40   X  1.75    X   9/48  =  13.10  ''      '* 

**  IV  40   X  1.75   X   3/12  =  17.50  **      '' 

Juice  Distribution. — The  juice  is  brought  into  each  vessel  from 
below  and  enters  at  four  places  near  the  periphery  of  the  tubular 
cluster  as  shown  at  C:  the  juice  is  conveyed  from  vessel  to  vessel 
by  one  pipe  and  is  collected  at  or  near  the  periphery  of  the  central 
circulating  tube  and  at  the  side  remote  from  one  of  the  vapor 
inlets. 

Calandria  Drainage. — The  drainage  from  the  calandrias  is 
taken  away  by  four  pipes,  D.  arranged  around  the  periphery  of 
the  central  circulating  tube,  the  bottom  tube  plate  being  inclined 
from  the  circumference  inwards  to  facilitate  drainage.  The  con- 
densed water  from  the  first  cell  passes  to  the  hot  well  of  the 
boilers,  that  from  the  second,  and  following  cells  is  passed  from 
cell  to  cell  and  eventually  to  the  calandria  of  the  last  cells  whence 
it  is  discharged  through  a  water  leg. 

Circulation. — The  circulation  in  the  evaporator  is  entirel  yin- 
duced.  The  lighter  juice  from  a  preceding  cell  entering  at  the 
bottom  tends  to  rise  through  the  more  condensed  juice  already 
present,  and  thence  to  overflow  down  the  central  circulating  tube, 
four  feet  in  diameter ;  the  slope  of  the  saucer  of  a  vessel  is  shown 
in  Fig.  6  and  its  steep  slope  at  the  center  probably  aids  the  circu- 
lation. 

Incondensihle  Gases. — The  incondensible  gases  are  trapped  by 
two  2-inch  pipes  seen  at  F:  the  pipes  carrying  the  gases  taken 
from  top  or  bottom  of  the  tubular  cluster  unite,  externally  to  an 
eflpect,  into  one,  which  then  again  enters  the  effect  and  terminates 
in  the  head  box  whence  the  gases  pass  to  the  vacuum  pump ;  four 
one-inch  pipes  collecting  gases  from  the  under  part  of  the  tubular 
cluster  are  arranged  round  the  periphery  of  the  central  circulating 
tube. 

Condenser. — The  vapors  from  the  last  effect  were  condensed 
on  the  dry  vacuum  system,  the  pumps  being  24"  diameter  and 
20''  stroke  and  making  34  revs,  per  min. 

The  results  of  the  trial  were  as  below : 


W'e.lneBilay 

Thurs<<ay 

C-alBn.lritt   1,  F."    

:.M.1.8 

216..T 

184.6 

184.2 

\apoi  Space  4,  F.'   

»H.^ 

«8.n 

Brix  Juke 

Brix  SjTU|> 

6H.12 

S8.73 

Lhn.  Julfe 

1,6(I4,3:.'6 

]..131^84 

Lbs.  »yru(i 

429,2-'9 

379,977 

LbB.  Water  Evap 

1,151,407 

Time,  Hm 

7.000 

6.433 

Lbs.  Water  |.er  Sq.  I-^.  per  Hr 

9.03 

Lbs.  Watfr  per  Sq.  Ft.  per  Hr.  per  1°  F. 

VapHiim  Ini-ben 

2.5.7 

25.4 

2.  Quadruple  Effect  I'crlical  Submerged  Tube  Apparatus. 
The  essentials  of  de.sign  in  this  apparatus  are  as  below: 

Heating  Surface. — The  heating  surface  is  equally  divided  be- 
tween the  four  bodies  and  is  formed  of  copper  tubes  1-)^"  internal 
diameter  and  52  inches  long.    The  vessels  are  9'  6"  in  diameter 


and  tlie  central  circnlating  tube  is  2\y>  inches.    The  total  heating 
surface  is  14.146  mi.  ft. 
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Steam  Distribution, — The  steam  to  cell  1  enters  at  two  places 
and  goes  direct  to  the  calandria ;  see  Fig.  8.  In  the  other  cells 
there  is  only  one  entry. 

Juice  Distribution. — The  juice  is  fed  into  each  cell  from  the 
bottom,  being  introduced  through  a  pipe  with  one-inch  holes 
spaaed  four  inches  apart,  as  shown  in  Figs.  8  and  9. 


Vapor  Pipes. — The  vapor  pipes  were  23.5  inches,  27.4  inches, 
31.3  inches  and  35.2  inches  in  diameter. 

Calandria  Drainage. — The  condensed  water  is  voided  from  each 
cell  separately  and  is  not  passed  from  cell  to  cell. 

Incondensible  Gases. — The  incondensible  gases  pass  directly 
from  cell  to  cell  and  thence  to  the  condenser ;  the  exit  of  the  in- 
condensible gases  in  each  cell  takes  place  at  one  place  only  and 
at  the  surface  of  the  upper  tube  plate  remote  from  the  entry  of 
vapor.    The  results  obtained  were: 
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Temp,  of  Juice,  F.' 

Calandria   1,  F.* 

'*         2,  F.° 

*'         3,  F." 

''         4,  F.** 

Vapor  Space  4,  F.*    

Gross  Temp.  Diflf.,  F.**    

Brix  of  Juice 

*  *       *  *    Syrup 

Lbs.    Juice 

Lbs.   Syrup 

Lbs.  Water  Evaporated 

Lbs.  Water  Voided  from  Cell  1 

Time,   Hour 

Lbs.  Water  Evap.  per  Sq.  Ft.  per  Hr. 
lbs.    Water    Evap.    per  Sq.   Ft.    per 

Hour  per  1°  F.  Temp.  Diflf 

Vacuum  Inches 


Monday 

Wednesday 
212.r 

Friday 

213.3 

213.7     ^ 

228.4 

228.9 

228.4 

216.1 

214.8 

217.0 

194.9 

194.6 

194.3 

174.4 

174.4 

176.2 

124.4 

125.2 

125.6 

104.0 

103.7 

102.8 

15.10 

13.00 

14.10 

60.13 

60.00 

61.10 

199,226 

828.085 

266,610 

50.078 

179,446 

61,530 

149,148 

648,639 

205,080 

34,754 

148,633 

49,450 

1.083 

5.000 

1.500 

9.80 

9.15 

9.71 

.0942 

.0882 

.0944 

26.5 

26.6 

26.0 

The  points  of  difference  in  the  design  of  these  two  highly 
efficient  apparatus  are,  so  far  as  regards  rate  of  evaporation: 

Length  of  tube  favoring  No.  1. 

Diameter  of  tube  favoring  No.  2. 

Evacuation  of  condensed  water  favoring  No.  2,  since  the  water 
passed  from  cell  to  cell  (unless  it  be  very  quickly  evacuated) 
might  bank  up  and  cut  off  some  heating  surface. 

Steam  distribution  favoring  No.  1. 

Size  of  vapor  pipes  favoring  No.  1. 

Size  of  circulating  tube  favoring  No.  1. 

Juice  distribution  according  to  individual  ideas  but  the  writer 
prefers  the  method  used  in  No.  2.  The  performance  of  these 
two  evaporators  is  in  both  cases  very  similar;  No.  2  had  the 
greatest  temperature  difference  having  a  little  excess  over  No.  1 
at  both  the  steam  and  vacuum  end,  but  it  is  quite  impossible  to 
point  to  any  difference  in  design  as  a  prepondering  factor  in  the 
performance. 

No.  3.     Quadruple  Effect  Vertical  Submerged  Tube  Apparatus. 

Heating  Surface. — The  heating  surface  was  equally  divided  be- 
tween the  four  bodies  and  was  formed  of  copper  tubes  4'  6"  long 
1^^''  inside  diameter.  The  vessels  were  8  ft.  7j^  ins.  in  diame- 
ter and  the  circulating  tube  was  20"  in  diameter.  The  total 
heating  surface  was  12,521  sq.  ft. 

Steam  Distribution. — The  steam  entered  at  two  placed  in  cell  1 
and  in  the  other  cells  at  one  place  only. 

Juice  Distribution  was  by  a  perforated  pipe  arranged  at  the 
bottom  of  the  cells  as  in  apparatus  No.  2. 

Vapor  pipes  were  26  inches  diameter  throughout. 

In  this  test  the  following  results  were  obtained : 
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Temperature  of  juice,  F.° 

Calandria  1,  F.*    

Vapor  Space  4,  F.** 

Lbs.  per  sq.  ft  hour 

Gross  Temp.  Diflf.,  F.'   . . 


Mean 

ISO.Or 

i  180.0' 

180.0 

180.0 

219.2 

1221.5 

222.0 

220.4 

145.2 

142.5 

144.3 

144.0 

5.17 

5.90 

5.59 

5.55 

74.0 

;    79.0 

76.1 

76.4 

At  first  sight  this  evaporator  has  clone  much  less  efficiently  than 
either  No.  1  or  No.  2,  but  when  the  conditions  under  which  it  is 
working  are  looked  into,  namely  the  lower  temperature  of  the 
steam,  the  higher  temperature  in  the  vapor  space  and  the  less 
gross  temperature  difference  there  is  not  so  very  much  to  choose. 
Referring  to  Table  XVIII  giving  the  results  of  a  series  of  tests 
on  the  effect  of  vacuum  the  last  list  in  that  table  was  run  with 
C,  at  221.0°  and  VS4  at  146.0°,  conditions  not  dissimilar  to  those 
obtaining  in  the  one  under  consideration :  when,  however,  VS4 
was  reduced  to  125.6°  F.  (see  Table  XVIII)  the  rate  of  evapora- 
tion increased  in  the  ratio  .680  :903 ;  supposing  a  similar  increase 
occurred  in  this  apparatus  instead  of  an  evaporation  of  5.55  lbs. 
per  sq.  ft.  per  hour,  with  a  26.5  net  vacuum  an  evaporation  of 
7.3  lbs.  per  sq.  ft.  per  hour  would  be  obtained  with  steam  at  220.5. 
Now  referring  to  Table  XXV  one  of  those  dealing  with  the  effect 
of  increase  in  temperature  of  heating  steam  between  220.1°  F. 
and  226.9°  F.,  there  is  an  increase  in  the  rate  of  495  :  562  and 
between  228.5  and  220.1  the  increase  would  be  in  the  nature  of 
the  ratio  between  say  47  :  56.  On  these  particular  determinations 
this  apparatus  with  C^  at  228.5  and  VS^  at  126.5  would  be  ex- 
pected to  evaporate  at  the  rate  of  8.71bs.per  sq.  ft.  per  hour. 

Further  to  make  the  comparison  complete  the  difference  in 
values  of  J„  must  be  considered.  With  apparatus  No.  3  J^  was 
180°  F.,  with  apparatus  No.  2  J^  was  over  212°  F.  This  differ- 
ence may  be  regarded  as  so  much  heating  surface  taken  away 
from  the  first  cell :  roughly  I  estimate  this  as  of  the  nature  of 
500  sq.  ft.,  which  would  for  the  purposes  of  comparison  reduce 
the  heating  surface  in  apparatus  No.  3  to  12,000  and  increase  the 
evaporation  in  lbs.  per  sq.  ft.  hour  when  compared  on  the  same 
basis  with  apparatus  Nos.  2  to  9.1  lbs.,  putting  this  apparatus  on 
a  very  similar  level  with  Nos.  1  and  2. 

This  correction  must  only  be  looked  on  as  approximate  as  the 
experimental  data  are  not  regular  enough  for  more  than  an  indi- 
cation of  the  order  of  the  correction. 

Apparatus  No.  4.  "Lillic"  horizontal  tube  quadruple  effect  ap- 
paratus of  9775  sq.  ft.  heating  surface. 

The  following  data  were  obtained : 
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Temperature  of  juice,  F°    . . . . 

Temp,  of  Calandria  1,  F* 

Vacuum    inches 

Temp,  of  Vapor  Space,  4*F. . 

Gross  Temp.  Diff.,  F° 

Brix   juice    

Brix  syrup    

Lbs.  juice   

Lbs.  syrup    

Lbs.  water  evaporate<l 

Time,    hours 

Lbs.  water  j)er  sq.  ft.  hour... 

Lbs.  water  per  sq.  ft.  hour  i>er 

PF.  Temp.  Diff.» 


Wednesday 

Thursday 

Fridav 

• 

179 

179 

179 

179 

212.7 

212.2 

212.9 

216.6 

26.4 

27.0 

27.2 

27.0 

130 

125 

120 

125 

83 

87 

93 

92 

12.2 

11.6 

12.3 

12.7 

60.6 

6L85 

61.55 

59.8 

111,538 

53,690 

59,782 

63,813 

22,455 

10.070 

1 1 ,956 

13,548 

98,083 

43,620 

47,826 

50,265 

LOO 

.50 

.50 

.50 

9.12 

8.92 

9.78 

10.30 

.109 


.102 


.105 


.112 


It  will  be  seen  that  the  results  with  two  apparatus  are  higher 
than  with  the  three  apparatus  first  set  out  and  are  very  remark- 
able when  considered  in  connection  with  the  low  temperature  of 
the  heating  steam. 

Summary. 

1.  A  description  of  the  methods  employed  in  testing  multiple 
effect  evaporators  is  given. 

2.  The  temperature  difference  in  the  first  cell  is  a  rough  index 
of  the  rate  of  evaporation. 

3.  The  vapors  in  a  multiple  effect  evaporator  are  super- 
heated. 

4.  The  calculated  effect  of  self-evaporation  in  a  multiple  effect 
evaporator  is  never  realized,  due  to  superheating  of  vapors  and 
to  short-circuiting  of  vapors  with  the  incondensible  gases. 

6.  Not  only  is  the  rate  of  evaporation  influenced  by  the  gross 
temperature  difference,  but  it  is  also  affected  by  the  absolute  tem- 
perature prevailing,  increasing  as  this  increases. 

7.  Increase  of  the  gross  temperature  difference  by  means  of 
decreasing  the  temperature  at  the  cold  end  up  to  the  temperature 
corresponding  to  a  vacuum  of  27  inches  gives  a  material  and 
valuable  increase  in  the  rate  of  evaporation,  but  this  increase  is 
not  by  any  means  as  great  as  is  obtained  by  a  similar  increase  in 
gross  temperature  difference  obtained  at  the  hot  end  by  increasing 
the  temperature  (or  pressure)  of  the  steam. 

8.  The  heat  economy  of  quadruple  effect  evaporators  as  found 
in  practice  compared  with  a  computation  on  ideal  lines  lay  be- 
tween .8  and  .9,  this  latter  figure  was  found  with  well  protected 
and  the  former  with  unprotected  or  badly  protected  apparatus. 

9.  A  vertical  submerged  tube  apparatus  with  5  lbs.  gauge  pres- 


*    Probable   values:    not    observed   in   this   experiment. 
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sure  in  cell  1  (227°  F. )  and  not  less  than  26.5  inch  vacuum  in 
last  cell  (127°  F.)  should  evaporate  not  less  than  9  lbs.  water 
per  sq.  ft.  per  hour,  with  juice  entering  at  212^  F.  and  should 
evaporate  4.2  lbs.  water  per  lb.  of  steam.  If  these  conditions 
are  not  realized  foul  heating  surfaces,  too  slow  evacuation  of  con- 
densed waters  or  incondensible  gases,  may  be  looked  for. 

10.     A  horizontal  tube  film  evaporator  had  a  much  greater 
rate  of  evaporation  than  vertical  submerged  tube  evaporators. 
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Honolulu,  T.  H.,  Feb.  5,  1914. 

To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association. 

Dear  Sirs: — 

I  herewith  submit  for  publicatio.-i  as  Bulletin  No.  43  of  the 
Agricultural  and  Chemical  Series,  an  article  by  Mr.  Noel  Deerr 
entitled,  *The  Heat  Balance  of  a  Cane  Sugar  Factory." 

Respectfully, 

H.  P.  AGEE, 

Director. 


THE  HEAT  BALANCE  OF  A  CANE 

SUGAR  FACTORY 


By  Noel  Deerr. 

In  this  publication  is  given  an  account  of  experimental  work 
concerned  with  the  above  heading. 

Although  there  have  appeared  in  text  books  and  in  technical 
journals  many  detailed  calculations  of  the  amount  of  steam  re- 
quired at  the  various  stations,  experimental  determinations  have 
been  largely  absent 

The  headings  considered  here  are : 

1.  The  heat  value  of  bagasse. 

2.  The  steam  generated  by  the  combustion  of  the  bagasse. 

3.  Steam  required  in  evaporation  in  multiple  effect. 

5.  Steam  required  in  evaporation  in  single  effect. 

6.  Heat  represented  by  work. 

The  experimental  work  described  in  here  was  done  in  the  fac- 
tories of  the  Ewa  Plantation  Co.  and  the  Oahu  Sugar  Co.  From 
Mr.  F.  F.  Campion,  Mr.  P.  G.  Messchaert  and  Mr.  G.  Bosse  I 
received  much  assistance. 

The  Heat  Value  of  Bagasse.  The  experimental  work  of  Bur- 
well,  Hoogewerth,  Koeing,  and  Bienfait  supplemented  by  the  very 
detailed  studies  of  Norris  on  Hawaiian  Bagasse  have  established 
the  technical  constancy  of  the  heat  afforded  by  cane  fiber  on  com- 
bustion ;  following  on  his  own  determinations  Norris  accepts  a 
mean  value  of  8100  B.  T.  U.  per  lb.  of  dry  bagasse. 

Steam  Obtainable  from  Bagasse 

The  object  of  the  trials  described  below  was  to  actually  deter- 
mine what  the  furnaces  and  boilers  were  doing  and  to  obtain  a 
comparison  of  the  performance  of  Babcock  and  Wilcox  boilers 
and  of  smoke  tube  tandem  multitubulars. 

The  Babcock  and  Wilcox  boiler  had  4000  sq.  ft.  heating  sur- 
face and  was  provided  with  two  grates  each  31.7.S  sq.  ft.  area, 
giving  a  total  grate  area  of  103.5  sq.  ft.  and  a  ratio  of  heating 
surface  to  grate  area  of  38.6:1;  in  marked  distinction  to  this 
was  the  arrangement  of  the  tandem  multitubular  boilers  which 
contained  5224  sq.  ft.  heating  surface  and  which  had  a  grate  area 
of  only  48  sq.  ft.  or  a  ratio  of  108.8  :  1. 


The  furnaces  were  of  the  Dutch  oven  type:  during  the  trials 
the  bagasse  was  fed  by  hand  on  to  a  scraper  conveyor  deliver- 
ing the  fuel  directly  into  a  hopper  emptying  on  to  the  grate.  In 
making  the  trials  the  bagasse  was  weighed  out  in  quantities  of 
900  lbs.  on  a  scale  erected  on  the  firing  platform,  a  space  about 
30  ft.  X  30  ft.  being  boarded  off  so  as  to  allow  of  storage  room ; 
the  water  fed  into  the  boiler  was  let  down  to  the  feed  pump  from 
rectangular  tanks  4  ft.  x  4  ft.  and  was  measured  to  l/16th  inch 
depth,  the  temperature  being  simultaneously  taken.  The  level  of 
water  in  the  boiler  was  made  the  same  at  start  and  finish  and  the 
quantity  of  bagasse  in  the  furnace  was  very  nearly  the  same  at 
start  and  finish.  Readings  of  the  temperature  of  the  feed  water 
and  of  steam  pressure  were  taken  every  10  minutes :  carbon  diox- 
ide was  determined  in  the  flue  gases  every  30  minutes  and  the 
quality  of  the  steam  was  determined  at  the  same  interval  with  a 
throttling  calorimeter.  The  essential  data  of  the  trials  are  sched- 
uled below : 

TRIAL  NO.  1. 

Boiler.     Rabcock  &  Wilcox ;  multitubular  water  tube. 
Heating  surface.    4000  sq.  ft. 
Grate.     Step  Ladder. 
Grate  area.     103.5  sq.  ft. 

Heating  surface    .^  , 

Grate  area 

Fuel.     Bagasse  from  18  roller  mill,  water  45.9%,  solids  2.5%, 

fiber  51.6%. 
Gilorinc  value  of  fuel.    8100  H.  T.  U.  per  lb.  of  dry  matter 
Duration  of  test.    414  minutes 
Lbs.  fuel  burned.    39,366  lbs. 
Lbs.  icater  evaporated.    8,413  lbs. 
Ternpcjalure  of  feed  water.    170.0     F. 
Steam  pressure.    116.5  lbs.  per  sq.  in  gauge 
Quality  of  steam.     98.8%. 

Water  evaporated        ,  .         ,     ^  i  .  i 

~ — -r (Actual)  2.144. 

hud  burnt 

Water  e^'aporated 


(from  and  at  212  -  F.)  2.305 


Fuel  burnt 

B.  T.  U.  in  stoim  per  lb.  of  fuel  burnt.    2234 

B.  T.  U.  in  steam  2234  ^^,     _„  . 

-  --^J—j—  =     k-Q9~     =.^0^>=^  Efficiency. 

B.  7.  u.  in  fuel  4o82 

Lbs.  1^'aler  per  sq.  ft.  heat  in  t:^  sioface  per  hour.    3.06 


Fuel  burnt  per  hour,    5706  lbs. 
Fuel  burnt  per  sq.  ft.  grate  area  per  hour,    55.1  lbs. 
fuel  burnt  per  sq.  ft.  heating  surfaee  per  hour.     1.43  lbs. 
CO^^/o  fine  gases.     13.-l%--1.52  excess  air 

TRIAL  NO.  2 

Boiler.     Babcock  &  Wilcox ;  multitubular  water  tube. 
Heating  surfaee.    4000  sq.  ft. 
Grate.    Step  Ladder. 
Grate  area.     103.5  sq.  ft. 

Heating  surfaee 


Grate  area 


38.6 


Fuel.     Bagasse  from  18  roller  mill,  water  45.0%,  solids  2.5%, 

fiber  52.5% 
Calorific  value  of  fuel.    8100  B.  T.  U.  per  lb.  dry  matter. 
Duration  of  test.    404  minutes 
Lbs.  fuel  burnt.    41872  lbs. 
Lbs.  zvater  evaporated.    91408. 
Temperature  feed  water.     168.0°  F. 
Steam  pressure  lbs.  per  sq.  in.    115.3  (gauge) 
Quality  of  steam.    99.0 

Water  evaporated  ,     ^     iv  oio-ti 

— -—^ (actual)  2.183 

Fuel  burnt 

Water  evaporated  ^^^^^^  ^^^  ^^  ^j,,  2.351 

Fuel  burnt 
B.  T.  U.  in  steam  per  lb.  of  fuel  burnt.    2208 

B.  T.  U.  in  steam  2280  .. -  -     ^-^  • 

— : i^  —  ^—       =.oll  =  Kmciency 

B.  T.  U.  in  fuel  4455  ^ 

Lbs.  zvater  per  sq.  ft.  heating  surface  per  hour,    3.39 
Fuel  burnt  per  hour.    6219  lbs. 
Fuel  burnt  per  sq.  ft.  grate  per  hour.    60.0  lbs. 
Fuel  burnt  per  sq.  ft.  heating  surface  per  hour.    1.55 
CO 2%  flue  gases.     14.92%r^l.40  excess  air 
Tempemture  of  flue  gases.     631°  F. 

TRIAL   NO.   3. 

Boiler.    Multitubular  smoke  tube  set  tandem 
Heating  surface.    2264+2960=5224  sq.  ft. 


8 

Grate,     Step  Ladder. 
Grate  area.    48  sq.  ft. 

Heating  surface    ^^  ^ 

Grate  area 

Fuel.     Bagasse  from  18  roller  mill,  47.4%  water,  solids  21%^, 

fiber  49.9% 
Calorific  value  of  fuel.    8100  B.  T.  U.  per  lb.  dry  matter 
Dumtion  of  test.    350  minutes 
Lbs.  fuel  burnt.    21985. 
Lbs.  water  e^'aporated.    58630 
Temperature  of  feed  water.    171°  F. 
Steam  pressure,     (gauge)  100.0  lbs.  per  sq.  in. 
Quality  of  Steam.     Not  taken  but  assumed  as  99%. 

IVater  evaporated  2.666 

Fuel  burnt 

Water  evapomted  ^^^  ^^  ^IZ"  F.)  2.862 

Fuel  burnt 
B.  T.  U.  in  steam  per  lb.  of  fuel  burnt,    2775 

B.  T,  U.  in  steam  277 S  ^-.     ^^  . 

D   ^   ..   .     r    J —  =     T^^TT-     =.651= Efficiency 

B.  T.  U.  in  fuel  4261 

Lbs.  water  per  sq.  ft,  heating  surface  per  hour.    2.04 
Fuel  burnt  per  sq,  ft.  grate  area  per  hour,     78.5  lbs. 
Fuel  burnt  per  sq.  ft.  heating  surface  per  hour.     .74  lbs. 
C0^%  flue  gases.     15.0^^=1.36  excess  air 

TRIAL  NO.  4. 

Boiler.     Multitubular  smoke  tube,  set  tandem 
Heating  surface.    2264+2960=5224  sq.  ft. 
Grate.    Step  Ladder. 
Grate  area.    48  sq.  ft. 

Heating  surface    -^^  q 

p; lUo.O 

Grate  area 

Fuel.    Bagasse  from  18  roller  mill,  47.4%  water 

Calori/ic  value  of  fuel.     8100  B.  T.  U.  per  lb.  of  dry  matter. 

Duration  of  test.     350  minutes. 

Lbs.  fuel  burnt.    21837 

Lbs,  ivater  evaporated.    558145 

Temperature  of  feed  ivater.    160""  F. 

Steam  pressure.    99.4  lbs.  (gauge) 

Quality  of  steam.    Not  taken  but  assumed  at  99% 


Water  evaporated   ,  ,.   ^  --^ 

= — rr^ (actual)  2.556 

Fuel  burnt 

Water  ezyraied  ^^^  ^^  212=  F.)  2.768 

Fuel  burnt 
B,  T,  U,  in  steam  per  lb.  fuel  burnt.    2684 
B.  T.  U.  in  steam  2684  ^.^     _„  . 

B.  T.  U.  fuel =    mr     =-629=Effiaency 

Lbs.  zvater  per  sq.  ft.  heating  surface  per  hour.    1.98 
Fuel  burnt  per  sq.  ft.  grate  area  per  hour.     77.9  lbs. 
Fuel  burnt  per  sq.  ft.  heating  surface  per  hour.    .71   lbs. 
CO^^/c  flue  gases.    15.4=1.34  exces^  air 
Temperature  of  flue  gases.    434°  F. 

Before  discussing  the  results  a  definition  is  required  for  the 
efficiency  of  a  bagasse  fuel  and  this  is  discussed  below. 

The  calculation  of  the  efficiency  of  a  bagasse  fired  furnace  and 
boiler  is  rather  complicated;  in  the  combustion  of  bagasse  or  of 
any  carbohydrate  fuel  a  considerable  proportion  of  water  is 
formed  and  in  the  calorimeter  the  water  appears  as  such  and 
after  having  been  originally  present  as  steam  gives  up  its  latent 
heat ;  in  a  bagasse  furnace  the  water  formed  on  combustion  passes 
away  in  the  flue  gases  as  steam  and  hence  its  latent  heat  which 
appears  and  is  accounted  for  in  the  determination  of  the  heat 
of  combustion  in  the  calorimeter  can  never  be  obtained  in  prac- 
tice. Thus  if  a  dry  bagasse  containing  6.5%  hydrogen  in  the 
calorimeter  gives  a  heat  of  combustion  of  8100  B.  T.  U.  it  af- 
fords on  combustion  58.5%  of  water;  the  difference  in  the  total 
heat  of  water  at  84°  F.  and  steam  at  atmospheric  pressure  at 
550°  F.  is  very  closely  1300  B.  T.  U. ;  thus  the  water  of  com- 
bustion of  1  lb.  of  dry  bagasse  will  in  general  practice  carry  away 
.585X1300=770  B.  T.  U.  and  the  realizable  thermal  value  of 
the  pound  of  bagasse  will  be  770  B.  T  U.  less  than  the  actual 
thermal  value  as  determined  from  calorimeter  tests. 

Secondly,  there  is  the  question  of  the  treatment  of  the  water 
of  association  which  also  will  with  flue  gases  at  550°  F.  carry 
away  very  closely  1300  B.  T.  U.  per  lb;  it  may  be  argued  that 
this  quantity  should  be  deducted  from  the  thermal  value  in  calcu- 
lating the  efficiency.    There  are  then  three  bases  of  calculation: 

(a)  The  actual  heat  of  combustion. 

(b)  The  quantity  in  (a)  less  the  heat  lost  in  the  associated 
water  assuming  some  definite  flue  temperature. 

(c)  The  quantity  in  (b)  less  the  heat  lost  in  the  water  of 
combination  assuming  some  definite  flue  gas  temperature 
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A  bagasse  of  composition  water  45.9,  solids  54.1,  will  have 
from  Norris*  determinations 

8100X-541=zi4382  as  the  gross  thermal  value. 

Under  the  definition  (b)  the  value  will  be  with  flue  gases  at 
550°  F.  8100X. 541— 1300X. 459=3785  B.  T.  U. 

If  the  dry  bagasse  contain  6.5%  hydrogen  the  water  ot  com- 
bination will  be  .065X-341x9;::=.3i6  and  the  value  will  be 
8100X. 541— 1300  (.459x  316)=3375  B.  T.  U. 

The  writer  is  of  the  opinion  that  tl.'c  most  rational  basis  of  com- 
parison is  that  defined  under  (a)  as  he  sees  no  grounds  for  treat- 
ing the  losses  due  to  associated  water  and  combined  water  as 
dillcrcnt  from  those  due  to  excess  air  and  carbon  dioxide  and 
accordingly  in  the  annexed  schedules  ihe  actual  heat  of  com- 
bustion is  taken  as  the  basis  of  calculation  of  the  efficiency;  the 
efficiency  of  a  bagasse  fuel  will  always  on  this  basis  be  lower  than 
that  of  a  coal  or  oil  fuel. 

Taking  the  average  of  the  trials  it  will  be  seen  that  the  tandem 
boiler  evaporated  2.815  and  the  Babcock  &  Wilcox  boilers  2.328 
lbs.  water  per  pound  bagasse  from  and  at  212°  F. ;  this  gives  a 
superiority  in  so  far  as  regards  steam  per  lb.  of  fuel  of  20% ; 
this  increased  economy  is  to  be  attributed  solely  to  the  much 
greater  proportion  of  heating  surface  per  pound  of  fuel  burnt; 
in  the  tandem  boiler  only  ,72  lb.  fucl  was  burnt  per  sq.  ft.  heat- 
ing surface  per  hour  as  compared  wiih  1.49  lbs.  in  the  Babcock  & 
Wilcox  boiler;  in  other  words,  the  Babcock  &  Wilcox  boiler 
steamed  nearly  twice  as  fast  as  the  tandem  smoke  tube  boiler, 
but  was  20%  less  efficient  as  regards  economy  and  this  state- 
ment expresses  concisely  the  result  of  the  trial.  It  may  be  re- 
marked that  the  efficiency  of  combustion  as  evidenced  by  the 
percentage  COg  in  the  flue  gases  is  very  much  the  same  and  the 
superiority  in  economy  found  with  the  tandem  boiler  is  simply 
due  to  the  greater  reduction  in  the  temperature  of  the  products 
of  combustion  due  to  the  larger  heating  surface. 

The  efficiency  of  a  furnace  with  over  15%  CO^  in  flue  gases 
is  very  high  and  the  combined  efficiency  of  the  tandem  boiler  and 
furnace  is  exceptionally  high,  while  the  results  obtained  with  the 
Babcock  &  Wilcox  installation  though  lower  are,  I  believe,  still 
well  above  the  average. 

A  comparative  heat  account  of  the  two  installations  is  given 
below:  it  will  be  seen  that  with  the  tandem  boilers  the  heat  un- 
accounted for  in  steam  and  flue  gases  is  very  small,  "but  that  in 
the  Babcock  &  Wilcox  boiler  it  is  comparatively  high ;  the  better 
utilization  of  the  heat  contained  in  the  products  of  combustion 
in  the  tandem  setting  as  evidenced  by  the  lower  flue  gas  tern- 
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perature  is  not  sufficient  to  account  for  the  very  superior  results, 
consequently  the  difference  goes  to  swell  the  unknown  or  radia- 
tion loss  in  the  Babcock  &  Wilcox  installation ;  from  the  inspec- 
tion of  the  furnaces  I  was  expecting  a  larger  radiation  loss  with 
the  tandem  setting  than  with  the  Babcock  &  Wilcox  installation. 
It  will  be  seen  that  the  bagasse  burnt  under  the  Babcock  &  Wil- 
cox boiler  contained  2%  less  water  than  that  burnt  under  the 
tandem  setting  and  quite  probably  an  error  may  have  been  intro- 
duced in  the  sampling  or  analysis  and  any  error  w^ill  appear  en- 
tirely in  the  unknown  or  radiation  loss.  The  actually  found  fig- 
ures follow  below: 

Babcock  &  Wilcox.  Tandem. 

Total  B.  T.  U.  per  lb.  fuel 4499-_100.0  4261^^100.0 

In   steam    2257^:^  51.0  2730^^  60.0 

In  flue  gases   1621_-  36.7  1292_-,  30.3 

Radiation,  &c   541-^  12.3  239:,^    3.7 

The  results  given  below  are  in  one  particular  liable  to  mis- 
interpretation. The  fire  tube  tandem  boilers  afforded  per  pound 
of  bagasse  20%  more  steam  than  did  the  Babcock  &  Wilcox 
water  tube  boilers;  this  is  not  to  be  taken  as  implying  that  fire 
tube  boilers  are  more  economical  steam  generators  than  are  water 
tube  boilers,  but  the  result  applies  to  this  particular  installation 
only  and  includes  the  effect  of  the  furnace,  of  the  combustion, 
and  especially  the  quantity  of  "fuel  burnt  per  square  foot  of  heat- 
ing surface." 

In  all  the  trials  the  combustion  as  judged  by  the  percentage  of 
carbon  dioxide  in  the  line  gases  was  equally  good;  the  water 
tube  boilers  gave  3.17  lbs.  water  evaporated  per  square  foot  heat- 
ing surface  per  hour  as  compared  with  the  2.01  lbs.  with  the  fire 
tube  tandem  boilers  If  either  the  heating  surface  in  the  Bab- 
cock &  Wilcox  boilers  were  increased  or  the  quantify  of  fuel 
burnt  were  decreased^  it  is  certain  that  a  greater  generation  of 
steam  per  pound  of  fuel  would  be  obtained  and  results  equal  to 
those  from  the  tandem  fire  tube  boilers  would  follow,  but  then  in 
the  latter  case  steam  would  not  be  generated  fast  enough  to  serve 
the  factory.  A  comparison  of  the  relative  efficiency  of  heating 
surface  of  the  water  tube  boiler  in  this  installation  can  be  made 
on  the  following  lines :  With  a  percentage  of  carbon  dioxide  in 
flue  gases  over  15%  the  temperature  of  combustion  will  be  ap- 
proximately 2700°  F.  The  final  temperature  of  the  flue  gases  in 
the  Babcock  &  Wilcox  installation  was  found  to  be  631°  F.  and 
the  temperature  in  the  boilers  is  350°  F.  The  mean  temperature 
ditTerence  is  then  found  as  follows: 
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Temp.  max.  2700 — 350=2350 
Temp.  mln.      630 — 350=  281. 

Temp.  mln.  281 


119 


Temp.  max.  2350 

Mean  temp,  difference  =  2350  (1  — iio')^982 

For  the  fire  tandem  boiler  the  corresponding  figures  are: 

Temp.  max.  2700—340=2360 
Temp.  mln.      434—340=    94 

Temp.  min.         94 

= =.0398 

Temp.  max.      2360 

Mean  temp,  difference  =    2360  (1  — ^UO^^qj 

loge   iVf 

As  an  average  the  Babcock  &  Wilcox  boilers  with  4000  square 

feet  heating  surface  evaporated  3.22  lbs.  water  per  square  foot 

per  hour,  and  the  fire  tube  tandem  boilers  with  5224  square  feet 

evaporated  2.01  lbs.  per  square  foot  per  hour.    The  pounds  water 

evaporated  per  hour  per  1°  F.  temperature  difference  is  then 

Babcock  &  Wilcox  boiler  Fire  tube  tandem  boiler 
3.22  2.01 

__  .00329  __  .00286 

982  703 

and  the  efficiency  of  heat  transmission  of  the  Babcock  &  Wil- 

COX  boiler  is  ~  =  1.15  times  as  great  as  is  the  efficiency  of  the 

fire  tube  tandem  boilers. 

Further  as  regards  these  trials  there  is  one  more  point  which 
is  to  be  strongly  insisted  on ;  as  an  average  the  fire  tube  multitu- 
bular boiler  afforded  2.6  lbs.  steam  per  lb.  bagasse,  the  heating 
surface  in  these  boilers  is  from  650-700  sq.  ft.  per- short  ton  cane 
hour.  This  is  a  very  much  larger  allowance  than  usually  found 
and  consequently  in  the  general  run  of  cane  sugar  factories  so 
large  a  quantity  of  steam  will  not  be  capable  of  being  produced. 
Nevertheless  as  a  standard  basis  the  writer  holds  that  experiment- 
ally under  actual  working  conditions  this  production  is  estab- 
lished. This  quantity  of  heating  surface  is  much  larger  too  than 
ordinary  practice  as  given  in  text  books  allows,  but  the  standard 
engineering  text  books  are  generally  written  from  the  point  of 
view  of  cheaper  fuel  and  more  valuable  floor  space ;  in  the  cane 
sugar  industry  fuel  is  dear  and  floor  space  is  worthless  and  hence 
the  writer  believes  that  capital  expended  in  ample  heating  surface 
will  always  be  a  profitable  investment. 
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Finally  these  trials  may  at  once  dispose  of  the  superstition  that 
multiple  crushed  bagasse  has  a  lower  fuel  value  than  bagasse  not 
so  treated. 

Heat  Used  in  Engines.  In  a  cane  sugar  factory  a  certain 
amount  of  steam  S  enters  the  cylinders  of  the  engine  at  a  pres- 
sure P  and  a  certain  amount  s  leaves  at  a  pressure  p,  accompanied 
by  a  certainty  of  water  W  condensed  in  the  cylinder.  Determin- 
ing the  quantities  will  give  data  to  translate  into  bagasse  the  heat 
actually  used  in  the  engines. 

The  method  adopted  to  determine  these  quantities  was  by  in- 
dication of  the  engines  combined  with  certain  calorimeter  tests. 
The  following  results  were  obtained: 

No.  1.  Cane  Engine.  Corliss  22''x48''  driving  cane  carrier, 
crusher  and  first  mill  34''x78'',  with  hydraulic  load  at  400  tons ; 
cane  was  being  worked  at  the  rate  of  100,000  lbs.  per  hour  and 
contained  12.7%  fiber  or  12,700  lbs.  fiber*  per  hour.  Gauge  pres- 
sure 105-110,  exhaust  5-10  lbs.  per  sq.  in.;  engine  working  45 
r.  p.  m.    The  results  of  ten  cards  are  given  below : 


Max , 

Min 

Mean   


M.  E.  P. 
Lbs.  sq.in 


53.8 
41.1 
45.3 


Cut  Off. 

I.  H.  P. 

.28 

218 

.18 

166 

.21 

184 

I.  H.  P. 
t.  c.  h. 


4.36 
3.33 
3.68 


I.  H.  P. 
t.  f .  h. 


34.3 
26.2 
28.9 


No.  2.  Cane  Engine.  28''x48''  Corliss  driving  three  mills 
34''78''  with  hydraulic  loads  400  tons  on  each  mill;  other  data 
as  for  No.  1  engine. 


M.  E.  P 

Lbs.  sq.in. 

Cut  Off.  1 

I.  H.  P. 

L  H.  P. 
t.  c.  h. 

L  H.  P. 
t.  f.  h. 

Max 

63.6 
48.2 
53.9 

.40 
.23 
.28 

44^ 
332 
372 

8.86 
6.64 
7.44 

69.8 

Min    

Mean   

52.2 
58.7 

♦  It  is  self-evident  that  miU  power  data  should  be  referred,  not  to 
tons  cane  per  hour,  but  to  fiber  per  hour;  it  is  compression  of  the 
fiber  which  absorbs  the  power,  and  with  variation  in  the  fiber  %  cane 
from  10  to  14,  it  is  apparent  that  equal  quantities  of  cane  may  mean 
very  different  quantities  of  fiber. 
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Combining  the  results  from  the  two  engines,  the  power  received 
to  crush  a  ton  of  cane  and  fiber  per  hour,  including  therein  the 
working  of  the  cane  carrier,  and  all  appurtenances  but  not  dis- 
charging from  cars,  in  a  12-roller  mill  appears  as  under: 


I.  H.  P. 

t.  c.  h 

I.  H.  P. 
t.  f.  h. 

Max 

Min     

13.22 

9.97 

11.12 

104.1 
78.4 

Mean    

87.6 

As  always  there  must  be  available  some  excess  of  power,  thi^ 
result  may  be  expressed:  In  a  12-i oiler  mill  and  crusher  plant 
there  should  be  available  in  the  motors  at  least  100  H.  P.  for 
every  short  ton  of  fiber  to  be  crushed  per  hour. 

Evaporator,  The  evaporator  was  a  quadruple  effect  of  14,146 
sq.  ft.  heating  surface,  and  capable,  with  5  lbs.  initial  pressure, 
of  evaporating  more  than  9  lbs.  per  sq.  ft.  per  hour,  the  vacuum 
(dry)  was  obtained  by  a  slide  valve  pump,  3A/:/'x31V^'',  driven 
by  engine  \6y/'Ki\V./'  fitted  with  Meyer  expansion  gear  and 
making  46  r.  p.  m.    The  I.  H.  P  wss  27.6. 

Pan  No,  1  was  of  2455  sq.  ft.  heating  surface;  the  pump 
was  a  duplicate  of  the  one  used  witii  the  evaporator,  and  it  indi- 
cated 27.9  II.  P. 

Pan  No.  2  was  of    1002   sq.    ft.   heating   surface;   the   pump 

was  Z^Yi    x21%'',  driven  by  engine  12^'Yi6''^2^%"  ^"^  made 
52  r.  p.  m. ;  it  indicated  15.2  H.  P. 

Crystallizers,  At  the  time  of  milking  the  test  there  were  in 
motion  15,700  c.  ft.  of  massecuite,  the  full  capacity  of  the  house; 
the  stirrers  were  making  ^2  revolution  per  minute.  The  engine 
was  of  a  Meyer  expansion  type  13%''x27^/^g'',  making  45  r.  p. 
m. ;  it  indicated  16.5  H.  P.,  or  1.05  H.  P.  per  1,000  c.  ft.  of  mas- 
secuite and  .255  H.  P.  per  ton  of  cane  per  hour,  taking  the  capa- 
city of  the  house  at  65  t.  c.  h. 

Centrifugals,  There  were  sixteen  42"  machines  driven  by  two 
direct  acting  duplex  pumps ;  No.  1  ;»umD  had  the  H.  P.  cylinder 
14^^x10^',  and  the  L.  P.  cylinders  20''xW,  and  made  46  strokes 
per  minute.  It  indicated  39.1  I.  H.  P.  No.  2  pump  had  the  H. 
P.  cylinders  WxHU/'  and  the  L.  P.  cylinders  17^x141/2'';  it 
indicated  33.7  I.  H.  P.     The  total  H.  P.  developed  is  72.8,  or 
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4.55  H.  P.*  per  machine  and  1.12  H.  P.  per  t.  c.  h.  on  a  basis  of 
65  tons  of  cane  per  hour.  It  is  to  be  noted  that  this  4.55  H.  P: 
per  machine  is  the  power  developed  by  the  prime  motor  when  the 
machines  were  working  normally,  some  starting,  some  discharg- 
ing, some  at  full  speed,  some  accelerating,  some  slowing  down ; 
it  does  not  denote  the  power  required  to  run  a  machine  at  any 
particular  moment,  but  is  the  average  power  developed  to  run 
the  whole  battery  under  normal  full  capacity. 

Heater  Pump,  The  pump  forcing  the  juice  through  the  juice 
heaters  at  the  rate  of  about  110,000  -bs.  juice  per  hour  developed 
3.8  I.  H.  P. 

Supplementary  Engines.  The  direct  steam  from  the  boilers 
was  also  used  to  drive. 

1.  A  direct  acting  steam  pump  which  was  found  to  indiacte 
61.6  I.  H.  P. 

2.  A  Mackintosh  Seymour  engine  24''x25'',  running  at  200 
r.  p.  m.  and  driving  an  electric  generator  supplying  powxr  for 
pumping,  carpenter  and  machine  shop  and  electric  lighting;  it 
was  actually  developing  87  I.  H.  P.,  much  below  its  rated  ca- 
pacity; the  exhaust  from  these  engines  was,  of  course,  returned 
to  the  boiling  house.  The  remaining  prime  motors,  boiler  feed 
pumps,  juice  pumps,  magma  pump,  etc.,  were  not  indicated. 

The  H.  P.  developed  at  the  stations  connected  with  the  sugar 
factory  proper  are  then  expressed  per  65  tons  cane  per  hour,  per 
70  tons  juice  per  hour,  per  8.5  tons  sugar  per  hour. 

Mills    723 

Quadruple  pump   28 

Pan  pumps    43 

Crystallizers    16 

Centrifugals    72 

Heater  pump 5 

Add  for  other  motors 30 

Total    917^  I.  H.  P.  or  14.1  I.  H.  P.  per  t.  c.  h. 

The  above  pages  give  the  actual  horse  power  developed;  the 
steam  and  heat  consumed  in  the  engines  were  found  as  follows: 

From  the  usual  methods  of  computation  of  the  steam  consump- 
tion, I  found  that  a  H.  P.  hour  was  produced  with  24  lbs.  steam. 
In  making  the  computation  I  took  a  point  close  to  the  exhaust 
point,  so  that  the  computation  means  that  24  lbs.  of  exhaust  steam 
were  produced  per  I.  H.  P.    To  know  how  much  steam  entered 


♦Of  the  No.  1  machines  there  are  always  six  in  operation  at  a 
time;   never  more  than  that. 
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the  cylinder  required  a  knowledge  ot  the  quality  of  the  exhaust 
steam,  and  this  I  determined  as  follows: 

The  Carpenter  separating  steam  calorimeter  can  not  be  used 
for  pressures  below  25  lbs.  per  sq.  in.,  not  because  the  separation 
of  water  is  ineffective,  but  because  Napier's  formula  for  the  flow 
of  steam  through  an  orifice  is  not  sufficiently  exact  for  low  pres- 
sure. I,  jK>wever,  used  a  Carpenter  separating  calorimeter  as 
follows:  The  instrument  was  attached  to  the  exhaust  pipe  and 
exhaust  steam  passed  through ;  the  dry  separated  steam  was  con- 
densed in  a  bucket  of  cold  water,  the  quantity  being  determined 
by  weighing  before  and  after  passing  steam.  The  separated 
water  was  run  out  from  the  instrument,  caught  in  a  beaker  and 
weighed.  I  believe  in  this  way  very  exact  determinations  of  the 
quality  of  low  pressure  steam  can  be  made  and  at  much  less 
trouble  than  the  usual  method: — condensation  of  steam  in  water 
and  thermomometric  observations. 

As  a  result  of  my  trials  I  found  that  the  steam  exhausted  from 
the  cane  engines  contained  21.6%  of  water,  calculated  on  the 
steam  condensed.  I  had  already  found  that  24  lbs.  steam  were 
exhausted  per  I.  H.  P.,  so  that  the  boiler  steam  admitted  is  1.216 
X24^^9.2  lbs.  per  I.  H.  P.  Now,  this  steam  reached  the  en- 
gines very  nearly  dry  and  at  100  lbs.  gauge.  The  total  heat  of 
steam  at  100  lbs.  gauge  is  1,188.5  B.  T.  U.,  so  that  per  I.  H.  P. 
there  are  supplied  to  the  cane  engines  1,188.5x29.2=34,705  B. 
T.  U.  The  total  heat  of  steam  at  5  lbs.  gauge  is  1,155.9,  ro  that 
the  engines  deliver  24x1,155.9=27742  B.  T.  U.,  a  loss  of  6,963 
B.  T.  U.  per  I.  H.  P.  Per  50  t.  c.  h.  the  mill  engines  developed 
556  I.  H.  P.,  so  that  the  heat  actually  used  at  this  station  is 
3,861-,000  B.  T.  U.  Now,  1  lb.  of  bagas*^e  will  give  net,  as  repre- 
sented in  the  steam  generated,  from  1,800  B.  T.  U.  (very  low) 
to  2,800  B.  T.  U.  ^excellent).  Taking  the  last  figure,  the 
3,864,000  B.  T.  U.  actually  consumed  by  the  cane  engines  will 
be  represented  by  1,350  lbs.  bagasse,  and  if  the  first  figure  be 
taken  by  2,140  lbs.  bagasse.  Fifty  tons  of  cane  afford  25,000 
lbs.  of  bagasse,  so  that  the  actual  consumption  of  bagasse  by  the 
mill  engines  lies  between  5.4%  and  8.6%  of  that  available,  de- 
pending, of  course,  on  the  efficiency  of  the  steam  generating 
plant. 

It  was  found  above  that  per  ton  cane  hour  the  motors  in  a 
modern  well-equipped  mill  consumed  14.1  H.  P.  This  figure 
was  obtained  with  cane  with  12.7%  fiber,  and  actually  it  is 
the  fiber  in  cane  which  is  the  dominant  factor  controlling  the 
consumption  of  power.  I  have  shown  here  that,  based  on  experi- 
mental figures,  each  horse  power  hour  is  developed  with  a  con- 
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sumption  of  6,963*  B.  T.  U. ;  that  is  to  say,  with  a  consumption 
of  3.8  to  2.4  lbs.  bagasse,  provided,  of  course,  that  the  power  is 
developed  by  engines  of  similar  economy  to  those  used  at  the 
mill;  then  per  ton  of  cane  hour  from  34  to  54  lbs.  of  bagasse 
will  be  required  to  provide  power.  One  ton  of  cane  will  produce 
about  500  lbs.  bagasse,  so  that  the  power  requirements  of  a  sugar 
mill  are  represented  by  from  6.8%  to  10.8%  of  the  bagasse. 

The  data  at  hand  are  sufficient  to  solve  problems  such  as  the 
following:  A  plant  consisting  of  a  crusher  and  nine-roller  mill 
working  50  t.  c.  h.  is  to  be  increased  to  a  twelve- roller  mill. 
What  will  be  the  extra  consumption  of  steam  and  of  bagasse,  it 
being  known  that  each  pound  of  bagasse  in  this  mill  affords  2.4 
lbs.  steam  at  100  lbs.  gauge?  Already  it  had  been  found  that  a 
nine-roller  mill  took  7.44  H.  P.  per  t.  c.  h.,  or  2.81  H.  P.  per  ton 
cane  hour  per  mill.  There  will  then  be  required  140  H.  P.  more 
power,  which  will  be  afforded  by  140x29.2=4,088  lbs.  steam 
put  into  the  cylinder  of  the  engine,  of  which  140x21=^3,360 
come  out  as  exhaust,  leaving  728  lbs.  to  be  made  up  by  the 
bagasse.  This  will  be  done  by  331  lbs.  of  bagasse.  This  does  not 
allow  for  the  difference  in  heat  value  between  boiler  pressure 
steam  and  back  pressure  steam  an<l  for  additional  piping,  but 
these  losses  will  be  amply  covered  hy  taking  350  lbs.  of  bagasse 
in  place  of  331.  Fifty  tons  cane  afford  25,000  lbs.  bagasse,  so 
that  the  increased  output  of  steam  required  is  1.4% — a  very 
small  quantity. 

Heal  Used  in  Heating  Juices.  This  station  was  not  examined 
experimentally  and  although  a  large  consumer  of  steam,  in  the 
light  of  the  other  determinations  no  sensible  error  will  be  intro- 
duced by  calculation.  To  raise  1  lb.  juice  of  specific  heat  .9  from 
80  to  212°  F.  will  take  132x. 9=1 18.8  B.  T.  U.,  a  quantity  af- 
forded by  the  condensation  of  .12-J  lbs.  steam  at  5  lb.  gauge; 
allowing  in  the  view  of  the  experimental  data  obtained  with  the 
pan  and  multiple  an  efficiency  of  .95,  a  consumption  of  .131  lb. 
steam  is  indicated. 

Reheating  Juices.  The  temperature  at  which  the  juice  will 
enter  the  multiple  evaporator  will  depend  on  the  efficiency  of  the 
lagging  of  the  juice  containers ;  205°  F.  can  be  obtained  in  well 
covered  containers  and  180°  F.  in  inefficient  ones.  As  this  heat 
balance  is  concerned  with  the  determination  of  technically  effi- 
cient factors  and  not  with  inefficient  ones,  the  higher  value  is 
accepted.     Let  the  first  cell  of  the  multiple  effect  boil  at  212° 


♦  I  am  referring  to  the  heat  actually  consumed  In  the  engine,  and 
in  a  sugar  mill  the  balance  is  available  for  evaporation. 
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F.,  then  the  heat  required  per  lb  of  juice  is  7y^.9=6.i\  anorded 
by  .066  lb.  steam  at  5  lbs.  gauge  and  at  95%  efficiency  by  the 
consumption  of  .069  lb.  of  steam. 

The  heating  and  reheating  of  the  juices  then  may  be  taken 
as  requiring  .200  lb.  steam  at  5  lbs.  gauge  per  I  lb.  of  juice. 

It  is  worth  while  noticing  that  a  fall  in  temperature  in  juice? 
before  entenng  the  multiple  effect  means  a  four-fold  loss  in  the 
case  of  a  quadruple  for  steam  used  on  heating  the  juice  to  the 
temperature  of  ebullition  in  the  first  cell  is  not  used  at  multiple 
effect. 

licat  Used  in  Multiple  Effeet  Evaporation.  The  heat  economy 
of  multiple  effect  evaporation  in  so  far  as  regards  a  number  of 
quadruple  effect  evaporators  was  discussed  fully  in  Bulletin  42. 

An  abstract  of  the  results  obtained  there  calculated  to  juice 
entermg  the  apparatus  at  212°  is  given  below. 

The  pounds  of  water  evaporated  per  lb.  of  steam  at  or  near 
to  5  lbs.  gauge  were  found  to  be: 

1.  Horizontal  tube  film  evaporator  8SX)6  sq.  ft.  heating  sur- 
face; 330  sq.  ft.  bare  exposed  area,  2170  sq.  ft.  covered  with  1 
inch  asbestos ;  3.85. 

2.  Horizontal  tube  film  evaporator  9775  sq.  ft.  heating  sur- 
face ;  2800  sq.  ft.  exposed  area,  all  unprotected ;  3.64. 

3.  Horizontal  submerged  tube  evaporator  of  11,284  sq.  ft. 
heating  surface,  1280  sq.  ft.  unprotected  exposed  area  and  1670 
sq.  ft.  covered  with  1  inch  asbestos;  3.78. 

4.  \^ertical  submerged  tube  evaporator,  12,521  sq.  ft.  heating 
surface;  240  sq.  ft.  unprotected  area,  12,010  sq.  ft.  protected  by 
2  inches  asbestos  and  by  I/12  inch  air  space  and  wood;  4.13. 

5.  Vertical  submerged  tube  evaporator  14,146  sq.  ft.  heating 
surface ;  290  sq.  ft.  bare  and  2460  sq.  ft.  protected  with  2  inches 
asbestos  and  V2  inch  wood;  4.31. 

6.  \'ertical  submerged  tube  apparatus  of  8200  sq.  ft.  heating 
surface;  250  sq.  ft.  unprotected  are-i  and  2500  protected  with  1 
inch  asbestos  and  V^  inch  wood ;  4.23. 

Steam  Used  in  J^aeiiitm  Pan  lb.  of  Water  Evaporated.  A  trial 
gave  the  following  results :  Lbs.  syrup  sent  to  pan  at  64.23  Brix 
and  115°  F.  and  .45  sp.  heat^=2 10.067.  Lbs.  massecuite  at  162° 
F.,  87.27  Brix  and  .39  sp.  heatr=l 54,625.  Lbs.  water  condensed, 
55,386. 

Steam  pressure  90  lbs.  gauge  on  main  steam  line  to  pan. 

Temperature  in  discharge  lines  from  pan,  240°  F. 

The  condensed  water  in  the  discharge  lines  is  under  pressure 
and  on  reaching  the  atmosphere  pan:  of  the  water  disappears  as 
steam.     Water  at  240°   F.  has  a  total  heat  of  1162.7  B.  T.  U.. 
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and  at  212°  F.  one  of  1150.0  B.  T.  U. :  the  water  as  measured 
must  then  be  increased  by  1.1%  or  by  608  lbs.  to  allow  for  this, 
making  the  total  qnanlity  of  condensed  steam  55,994  lbs.  dis- 
charged at  248°  F. 

The  lbs.  of  water  evaporated  are  210,067 — 154,625=55,442, 
giving  an  evaporation  of  .988  lbs.  water  per  lb.  steam  at  90  lbs. 
gauge. 

The  heat  balance  of  this  trial  appears  as  under: 

lleat  admitted  to  pan: 

55,994  lbs.  steam  at  90  lbs.  gauge=55,442xll81==661, 800,000 
B.  T.  U. 

210,067  lbs.  syrup  at  115°  F.  and  .45  sp.  heat=2 10.067 X.45x 
83=7,850,000  B.  T.  U.    Total,  669.650,000  B.  T.  U. 

Heat  delivered  from  pan: 
154,625  lbs.  massecuite    at    162°     ]'.    and 

.39  sp.  heat=l 54,625 X130X. 39=  7,840,000  B.  T.  U. 

55,994   lbs.    water   at    240°    F.=55,994x 

216=  12,090.000 

55,442    lbs.   vapor   at    135°    F.=55,452x 

1119=  620,500,000 


ti 


a 


Total  6«),430,000  B.  T.  U. 

The  experiment  gives  95.8%  of  ihe  heat  admitted  to  the  pan 
as  accounted  for. 

There  is  sufficient  data  here  available  for  the  construction  of 
an  experimental  heat  balance  of  two  typical  cases,  first  a  factory 
or  high  efficiency'"  and  secondly  one  of  high  but  not  by  any 
means  of  exaggerated  inefficiency. 

1.  From  100  short  tons  cane  let  there  be  produced  50,000  lbs. 
bagasse  and  110  short  tons  of  juice;  the  combustion  of  the 
bagasse  under  boilers  of  sufficient  heating  surface  will  produce 
50,000 X --6=^130,000  Ihs.  steam  corresponding  to  an  efficiency  of 
about  .65. 

2.  Pouter.  If  the  100  tons  cane  be  milled  in  one  hour  there 
will  be  required  1410  I.  H.  P..  which  were  found  to  be  obtained 
per  I.  H.  P.  with  the  consumption  of  5.2  lbs.  steam  or  7330  lbs. 
of  steam  or  5.6%  of  the  steam  coming  from  the  boiler.** 

*  The  system  of  heating  and  evaporating  here  considered  does  not 
include  the  extra  steam  or  pre-evaporation  systems,  so  that  the  economy 
and  efficiency  is  not  by  any  means  the  highest  possible;  this  publica- 
tion is  treating  of  experimental  results  as  they  occurred. 

♦♦This  5.2  lbs.  is  of  course  the  steam  used  in  cylinder  condensa- 
tion and  work  and  the  loss  of  heat  between  the  boiler  and  exhaust  pres- 
sures is  not  taken  into  consideration. 
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3.  11  eating  and  Reheating.  Let  the  juice  be  heated  from  82° 
F.  to  212°  F.,  cool  to  202^  F.  and  be  reheated  to  212°.  F.  before 
it  enters  the  quadruple  effect  evaporator,  in  all  through  140°  F. : 
the  consumption  of  steam  will  be: 

140x. 9X220,000        ^^  .^  ,,       ^ 

\^^^      r^^ =r30,D90  lbs.  steam, 

960  X.9:) 

accepting  .95  efficiency  and  letting  the  condensed  steam  flow 
away  at  the  temperature  corresponding  to  the  gauge  pressure; 
this  is  23Ayc  of  the  steam  coming  from  the  boilers. 

4.  Quadruple  effect.  Let  the  juice  be  of  13°  Brix  and  the 
syrup  65°  Brix;  then  the  quadruple  removes  176,000  lbs.  water, 

with  a  consumption  of        '        =41,850  lbs.  steam  or  32.5%  of 

the  steam  coming  from  the  boilers. 

5.  Pans,    There  will  remain  apr^roximately  15,000  lbs.  w^ater 

to  be  removed  in  the  pans,  which  will  require      '        =iil  5,182 

IBs.  steam  or  11.6%  of  the  steam  coming  from  the  boilers. 

The  total  of  these  five  stations  is  94,952  lbs.  steam  or  73.1% 
of  that  coming  from  the  boilers. 

In  the  second  case  let  there  again  be  100  tons  cane  producing 
50,000  lbs.  bagasse  and  110  tons  juice  and  let  the  bagasse  onlv 
produce  110,000  lbs.  of  steam. 

1.  Power,  Let  this  remain  unchanged  and  as  before  let  7330 
lbs.  of  steam  be  used  at  this  station  or  6.7%  of  that  coming  from 
the  boiler. 

2.  Heating  and  Reheating,  Let  the  juice  cool  to  172°  F.  be- 
fore entering  the  evaporator ;  the  range  of  heating  and  reheating 
is  now  170°  F.  and  will  require 

170x9x220,000        ^^,,-,^  ^^  ^         ,   , 
9^  IV  95 =37,14d  lbs.  steam  or  28.6%,  of  that 

coming  from  the  boilers. 

3.  Quadruple  Effect.  Let  the  evaporation  be  only  carried  to 
60°  Brix  from  juice  of  13°  Brix  entailing  the  removal  of  172,332 

172  332 

lbs.  water  with  the  consumption  of      ^^     =45,350  lbs.  steam  or 

41.2%  of  that  coming  from  the  boilers. 

Pans,     There  will  remain  approximately  18,500  lbs.  water  to 

be  removed  in  single  effect  which    will    require  — ^-  =19,470 

lbs.  steam,  taking  a  less  heat  efficient  pan  than  in  the  first  case ; 
this  is  17.7%  of  that  coming  from  the  boilers. 
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The  total  of  these  quantities  is  109,295  lbs.  or  99.3%  of  that 
coming  from  the  boiler.  Under  these  circumstances  a  factory  in 
this  condition  might  just  get  along  without  extra  fuel;  the  first 
type  of  factory  would  have  a  great  .surplus,  which  could  be  used 
for  other  purposes. 

Finally  it  may  be  pointed  out  that  the  heat  balance  of  a  cane 
sugar  factory-  will  depend  on  a  multitude  of  factors  so  that  an 
analysis  is  required  of  each  individual  factory.  The  factors  with- 
out the  control  of  the  factory  executive  are: 

1.  Fiber  in  cane,  controlling  the  steam  available. 

2.  Sugai:  in  cane,  controlling  the  amount  of  evaporation  to  be 
done  at  single  effect  and  at  multiple  effect. 

The  factor  under  the  control  of  the  factory  executive  is: 
Efficiency  of  the  factory  including  therein,  heating  surface  in 
boilers  and  control  of  the  combustion,  protection  of  hot  surfaces, 
sufficient  heating  surface  in  evaporators  to  obtain  not  less  than 
65'  Brix  in  syrup  and  arrangement  of  plant  to  allow  of  the  use 
of  extra  steam  and  of  multiple  heating. 

Experimentally  determined  data  have  been  given  in  this  pub- 
lication bearing  on  these  matters. 
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H.  P.  Agee, 

Director. 

Honolulu,  Hawaii,  April  25,  1914. 


PREFACE 

This  bulletin  is  intended  to  be  corollary  to  the  annual 
reports  of  the  committees  which  have  to  do  with  new  de- 
velopment}? in  cultural  practices. 

The  present  compilation  goes  a  step  without  the  scope  of 
those  committees — a  step  backward  if  you  will — in  an  ef- 
fort to  bring  together  any  ideas,  bo  they  new  or  old,  thut 
have  to  do  with  implement  cultivation  of  sugar-cane  iu 
these  Islands. 

There  is  still  such  an  amount  of  hand-hoeing  on  the 
plantations  of  this  Association  that  a  conspicuous  opportu- 
nity for  economy  arises  if  such  labor  can  be  materially  re- 
duced. Any  means  to  this  end,  that  has  stood  the  test  of 
practical  utility,  should  be  worthy  of  consideration.  Hence 
this  account  of  a  number  of  implements  found  in  service, 
assembled  without  selection,  and  assigned  to  the  cause  of 
putting  a  more  effective  device  into  the  hands  of  the  man 
with  the  hoe. 
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THE  IMPLEMENTS  OF  THE  INDUSTRY. 


By  H.  P.  AoBE. 


INTBODUOTOBY. 

Any  well  directed  attempt  at  improving  agricultural  methods 
should  begin  with  a  detailed  study  of  those  methods  as  they 
exist.  Concerted  action  upon  such  a  problem  should  start  by 
ascertaining  what  individual  efforts  have  been  made.  Most  of 
all  we  wish  to  record  attempts  that  have  proved  sufficiently 
satisfactory  to  become  practical  routine. 

The  extent  to  which  implement  work  may  eventually  replace 
the  large  amount  of  hand  labor  that  still  appears  so  essential 
is  an  open  question.  If  it  were  another  instance  of  judging 
the  future  by  the  past,  it  would  be  encouraging  to  gauge  it  by 
the  extent  to  which  the  implement  work  of  today  substitutes  the 
hand  work  of  a  decade  or  more  ago. 

What  each  plantation  has  done  on  this  score  could  no  doubi 
best  be  told  for  the  benefit  of  all  by  each  plantation.  But  since 
we  have  undertaken  to  simimarize,  for  the  benefit  of  each,  what 
the  plantations  as  a  whole  are  doing  in  this  regard,  we  proceed 
with  due  acknowledgment  of  many  courtesies  extended  us  in 
collecting  these  notes,  and  due  apology  for  whatever  individual 
credit  we  may  fail  to  record. 

Implement  work  has  gained  its  strongest  hold  in  the  districts 
of  heavy  rainfall  where  hand  weeding  is  most  irksome  and  ex- 
pensive, and  relief  most  essential  to  the  continued  welfare  of 
the  plantations.  Here  again  ingenuity  answers  the  call  of  neces- 
sity. As  the  labor  supply  becomes  more  restricted  other  plan- 
tations adopt  certain  implements.  Some  plantations  which  have 
insufficient  rainfall  to  do  without  irrigation,  yet  ample  rain- 
fall to  cause  a  heavy  weeding  expense,  are  finding  implements 
well  suited  to  their  needs.  Urged  by  the  pinch  of  circumstance 
we  are  gradually  becoming  aware  that  irrigation  and  imple- 
ment cultivation  are  not  so  incompatable  as  we  once  thought 
them. 

Many  plantations  have  been  working  on  the  problem  inde- 
pendently and  this,  together  with  the  almost  unlimited  variety  of 
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conditions,  accounts  for  the  lack  of  uniformity  in  results — the 
wide  range  of  iniplenienta  found  in  use.  Our  present  need  U 
to  avera^  these  results,  ^>  Ut  K]>eak,  with  the  hope  of  arriving 
at  a  correct  answer  to  some  of  our  individual  difficulties. 


Pig.  1.     Light  cultivator.     (Planet.  Jr.). 

CtrLTIVATOBS. 

Of  tlic  nuiiiv  fiinn.f  cif  cultivators  found  in  use,  the  twn  luost 
popular  em's  are  those  which  are  eomiuonly  known  in  these 
islands  as  the  I'luurt  Jr.  and  the  lionivr. 

The  most  familiar  t.\p!'  of  the  PJnnpl  Jr.*  is  the  light  five 
prongrd  device  shown  in  Fig.  1.  There  are,  however,  nnnier- 
o\i.-i  uiodifii-atiims  of  this  form,  many  of  whicli  arc  hnilt  in  the 
plantation  shops  to  snit  spp<'ial  work.  The  light  points,  as 
shown,  are  frcqueiwly  replaced  hv  durahle  prongs  which  can  re- 

*  Aa  used  colloquially  this  term  la  a  misnomer.  In  reality  "Planet 
Jr."  IB  tlie  trtiiie  name  of  a  ilne  of  implements  Locally  It  designates 
B  particular  form  of  Implement  regardless  of  the  fact  that  several 
manufacturers  supply  this  form  to  the  trade.  There  is  also  some 
confusion  regarding  the  term  "Horner."  so  that  the  lllustratioDS  are 
really  a  more  reliable  guide. 
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sist  a  vast  amoimt  of  wear.     These  vary  in  size  aiul  shape  with- 
in rather  liberal  limits. 

Though  some  manufacturers  provide  an  implement  of  the 
sort  that  may  lie  neatly  adjusted  by  levers  to  varying  widths  of 
row,  many  of  the  plantations  prefer  the  stronger  device  which 
lacks  this  feature. 


Fig.  2.    Cultivator.     {Homer). 

The  llorncr  cultivator  i?  shown  in  Fig.  2,  in  numy  in- 
stances it  is  preferred  to  the  Planet  Jr.  in  that  it  rakes  the 
weeds  into  piles.  As  it  ])asses  along  the  row  it  is  occasionally 
lifte<l  by  the  teaniatev  in  a  manner  indicatefl  in  Fig.  .'!. 
It  ihus  loses  hold  of  the  aeeuniulated  material  and  proceeds  to 
oollecl  a  new  lot.  Tliis  fcatnre  commends  it  in  er.nlending  with 
honohono.** 

It  would  be  needh'.ss  to  diseii.*s  the  comparative  merits  of  the 
two  implements  for  their  purpose,  strictly  speating,  is  not 
identical.  The  Flam-t  Jr.,  which  is  nuieb  the  lighter  inijde- 
ment  of  the  two,  is  ideally  suited  to  cases  in  which  light  and 
frequent  cultivations  are  practiced  between  the  rows  of  cane. 
"  •  CommeUn*  nuJcflorji, 
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Ciiltivfttion  when  practiced  to  perfection  should  prevent  the 
growth  of  grass  and  weeds.  But  when  the  too  familiar  exig- 
encies demand  that  cultivation  lie  not  so  much  a  preventive 
measure  as  a  heroic  effort  to  eradicate  a  mass  of  foreign  growth, 
then  the  lighter  implement  must  give  way  to  a  heavier  one  well 
designed  to  the  purpose.  In  such  cases  the  Homer  implement 
has  been  found  to  do  effective  work. 


Pig.  3.    Hie  Earner  cultivator  In  operation. 

There  is  a  modification  of  this  implement  known  as  the 
Hompr  aufjJe  caltivator.  It  is  constructod  with  the  tines  to 
one  side  of  the  line  of  draft,  with  the  idea  of  enabling  it  to  be 
used  on  the  side  of  the  furrow,  close  into  the  cane.  It  is  shown 
in  Fig.  4. 

The  same  implement  somewhat  improved  is  given  in  Fig. 
5.  Tlie  improved  feature  is  the  attachment  which,  acting 
as  a  runner,  enables  the  implement  to  be  held  on  the  side  of 
the  furrow  to  better  advantage.  This  idea  of  designing  imple- 
ments that  will  operate  clo-ac  to  the  cane  appears  to  desei've  the 
fullest  consideration.     The  centers  between  the  rows  offer  no 
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great  difficulty  where  inipleiiiiiiit  work  is  concerned.  Approach- 
ing the  cane  on  either  side  the  problem  becomes  more  complex 
and  more  hand  hoeing  is  required.  Such  grass  or  weeds  as 
find  hold  along  the  row  within  the  stools  of  cane  are  quite  nat- 
urally the  most  expensive  to  remove  since  implement  work  is 
of  little  avail  at  this  point.  There  is  one  implement,  however, 
which  is  of  great  service  in  cultivating  the  sides  of  the  hilled 


Fig.  i.    The  Horner  angle  cultivator. 

furrow.  It  can  be  made  to  operate  extremely  close  to  the  cane 
itself  and  hy  throwing  dirt  within  the  cane  and  hilling  a  little 
higher  each  time  the  implement  is  passed,  it  can  do  more  to- 
ward reducing  the  hand  hoeing  than  one  would  think  without 
giving  it  a  thorough  trial  under  conditions  to  which  it  is  suited. 
As  to  what  fields  are  suited  to  this  implement,  tlie  Di-nc  Culti- 
vator (Figs,  ft  and  7),  it  is  rather  hard  to  say — the  more  level 
and  less  rocky  the  better,  perhaps — but  a  few  implements  of  this 
type  now  doing  service  in  these  Islands  have  done  very  satis- 
factory work  under  rather  a<lverse  circumstances.  ITndonbted- 
ly  this  implement  deser\'es  and  will  eventually  find  wider  usu 
on  Hawaiian  plantations.  The  discs  need  a  certain  amount  of 
jidjusling  and  this  calls  for  a  reasonable  amminl  of  intelligence 
on  the  part  of  the  operator,  but  the  average  laborer  can  master 
its  requirements  in  a  short  while  when  properly  instructed.     It 
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is  psst^iitiallv  a  nuK-liinc  for  liillcil  caiip  and  finds  no  plaoe  where 
the  cane  is  in  the  furrow.  Its  disc  pftngs  should  be  pitched  st 
such  an  angle  that  it  will  hill  the  cane  little  by  little.  When 
handled  in  this  manner  it  can  by  repeated  operationa  accorn- 
pHsh  a  finiflhed  job  of  hilling,  inehiding  most  of  the  final 
touches  for  which  hand  hoes  are  usually  called  into  play. 

Several  plantations  oe  Hawaii  nse  a  somewhat  modified  form 


Fig.  6.    A  modiflcatfon  of  the  angle  cultivator. 

of  this  implement.  The  gangs  of  three  discs  each  of  the  regu- 
lar form  are  replaced  liy  siiiplc  discs.  This  is  claimed  by  the 
plantations  in  questfou  to  make  the  implement  better  suited  to 
their  requirements. 

That  a  need  is  signally  felt  for  an  implement  that  will  culti- 
vate very  close  to  the  cane,  is  readily  seen  from  the  various 
efforts  which  have  been  made  to  devise  such  tools.  Aside,  from 
those  already  mentioned  there  are  several  more  that  should  he 
brought  to  attention. 

One  of  tliem,  that  shown  in  Fij;.  S*.  consists  of  two  frames 
provided  with  tines.  These  frames  are  loosely  hinged  and  take 
position  along  the  sides  of  the  furrow. 

A  second  device,  bnilt  in  the  nature  of  a  light  scraper  (Fig. 
Of)  is  utilized  for  removing  the  weeds  from  very  young  cane, 
being  operated  astride  the  row, 

•  Ufled  at  Onomea  Sugar  Mill. 

t  This  Implement  is  employed  on  several  plantations  In  the  Ko- 
hala  District. 
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Still  another  oflFort  to  reach  the  weeds  near  young  cane  is 
embodied  in  the  flat  scrapers  attached  to  ordinary  plow  frames 
sliown  in  Fip.  10*.  These  shave  the  surface  of  the  ground 
and  it  is  claimed  that  they  can  be  used  to  good  advantage  when 
skilfully  handled. 

In  proceeding  to  a  survey  of  other  cultivators  with  more  or 
less  special  features,  we  timl  represented  in  Fig.  llf  an  im- 
idcment  said  to  be  suited  for  cultivating  the  hill  between  the 
furrows  of  a  field  laid  off  for  irrigation.     Growing  cane  in  the 


Fig.  e.     The  disc  cultWator.      {Avery). 

furrow  rather  than  on  the  hill  presents  an  awkward  problem  at 
best  when  it  couies  to  implements.  The  likelihood  of  throw- 
ing earth  into  the  water  furrow  and  filling  it  up  is  meant  to  be 
leMsenod  In-  the  small  rake-like  tines  of  this  cultivator. 

Tn  contradistinction  to  the  Homer  cidtivalor  wliich  rakes  the 
weeds  into  piles,  we  have  another  tool,  shown  in  Fig.  13,  which 
to  avoid  this,  is  provided  with  tines  having  an  outward  and 
backward  turn  at  their  points.  This  causes  the  weeds  merely 
to  be  loosened  without  being  draped  by  the  implement,- 


IMPLKMK.VTS  ISKI)  IN    HILLING  CANE. 

On  tln!  iiiHJority  of  tlie  ntm- irrigated  pluiitatiotis  IkjiIi  (lie 
plaiit-caiic  am!  ratcHms  are  biHetl  lioforc  the  cultivatiou  is  tiu- 
ishc(I,  III  o()eratiu{r  the  ciiltivainra  some  earth  is  iiatiirall_v 
llirown  tfiwani  the  cane,  anil  in  some  instances  not  a  great  deal 
i«  left  I"  Ik-  done  in  the  tiTial  oinTalion    of    hilling    up,  as  it 


Fig.  T.    The  disc  cultivator   (side  view). 

is  nsnally  termed.  In  i>tlifr  cases  the  land  is  left  fairly  flat  by 
tlie  eultivators  ami  suitable  impleniynts  are  used  for  throwing 
the  earth  towards  the  row  of  cane  and  leaving  a  furrow  be- 
tween the  rows. 

The  ordinary  mould  board  jdowa  are  sorvieeable  for  this  piir- 
\)<>''p  and  are  sometimes  iised  for  the  entire  operation.  In  any 
rvcut  lliey  are  jienerally  em]doyed  in  the  initial  step  of  loosen- 
ins  the  earth, 

A  serapor  to  follow  the  plows  to  throw  the  earth  well  into 
the  eane  and  leave  a  eloar  fiirrow,  is  used  at  a  number  of  places. 
These  Rcrajters  are  generally  of  home  construction  and  vary  con- 
siderably. Sometimes  they  are  of  iron,  but  they  frequently 
consist  of  two  planks  placed  at  an  angle  and  supported  by  a 
frame.  Two  such  .•^erai>ers  are  shown  in- "Fig.  Vi  and  in  Fig,  ha. 
The  ordinary  celerv  hiller  is  also  pinployeil  to  good  advantage 
in  this  capacity.      (Fig.  14). 
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On  irrigated  plantations  the  large  plows  used  in  bedding  or 
furrowing  prior  to  planting  are  also  frequently  employed  in  the 
hilling  of  ratoons.  Two  such  plows  are  shown  in  accompany- 
ing illunlrations,  Figs,  lo  am!  16, 

A  (i'niiile  disc  arrangement  (a  Bcnicior Homer  implirment) 
is  widely  nwd  in  hilling  cane.  Fig.  17.  It  is  tilted  with  a  pmall 
sliovL-l  1o  prci-'.-de  the  diws  and  a  subsoil  plow  may  also  be  attach- 


Pig.  8.    Device  Tor  cultivating  the  furrow  aidea. 

rd.  Very  satiKfaclorv  work  has  Ix'en  reported  in  gradually  hilling 
cane  with  the  aid  of  this  implement  after  the  middle  of  the  row 
has  once  been  loosened  by  ordinary  breaking  plows.  It  could 
no  doubt  l>e  used  to  good  advantage  in  combination  with  the 
Nuikji  ilixr  ridHriilor  shown  on  page  17.  The  thiible  disr  ploir 
is  especially  adapted  to  throwing  earth  from  the  center  of  the 
furrow  towards  the  side  of  the  row.  This  places  the  earth  in 
position  to  be  easily  reached  by  the  disc  gangs  of  the  sulky  cul- 
tivator which,  in  operatin?  astride  the  row,  pitches  the  loose 
earth  into  a  well  formed  hill  about  the  cane  stalks  and  does 
away  with  the  necessity  of  finishing  the  job  with  boe  gangs. 


SPECIAI,    IIISC    IMPLEMENTS, 

A  iH-.<liiiciili.<ii  '.f  llic  llorm-r  ihiiihlr  disc  ploir  is  sliowii  in 
Fig.  IS.  Tlio  (li'^cs  arc  scimrnteil  so  tlial  liic  iniplciH<"ir  nifty 
[la^s  a^lriilc  tlu'  nnv  aii<l  off-har  iir  throw  the  Ciirth  fpotii  the 
cane.  It  is  eviilcnt  tiiat  it  eoiild  not  lie  used  in  this  manner 
in  eane  <if  more  than  a  few  inohos  hiirli  as  the  shoots  of  cane 
would  he  broken. 


Fl^.  9.    Light  scraper  used  in  weeding  young  cane. 

In  Fifrs.  1!)  ami  iiO  is  an  iiii|>]('iii<'iit  hnill  foiiiewliat  on  the 
same  plan. 

"This  tool."  awonliiip  u,  \\t.  .lolni  T.  Moir,  "is  a.ljuat- 
ahle,  and  is  u.-icil  for  throwinf;  away  from  the  oanc  or  throw- 
ing to  the  cane.  We  can  eiiher  straddle  the  cane  or  straddle 
fhf.  middle-'  and  loosen  np  the  soil.  We  put  the  two  wheeld 
in  fnint  to  steady  it  while  clennina  out  plant  cane.  :md  xha 
siihsoilers  on  behind  to  break  up  the  hard  edges  along  each 
side  of  tlie  cane.  The  snhsoiler  also  tends  to  steady  the  tool 
at  its  work.  Ry  straddling  the  cane  a  great  advantage  irf 
gained  hy  having  the  nmles  hitched  abreast.  .\I1  parts  con- 
nected with  it  are  adjustable  to  the  work  rei]uired.  AVe  find 
it  most  serviceable  in.  very  weedy  young  cane,  where  the 


hoeiug  would  he  very  heavy.  We  use  two  uiules  to  pull  it 
ami  soiuetiiiips  have  to  pul  tlium  Jti  tuiulem,  usually  when 
slraddliiij^  the  middles," 


IMPLEMFNTS  J 


Although  the  cultivation  of  ratoons  when  once  under  waj 
does  not  require  different  implements  from  those  ordinarily 
employed   in  plant  eane,   at  the  outset  oortain   special   imple- 


Fig.  10.     Scraper  plow  for  light  weeding. 

ments  find  a  place.  It  is  tiie  peneral  practice  on  most  unirri- 
yared  plantatioiiM  to  aff-har  tlic  stnbhies  liy  riiiuiinii;  a  furrow 
close  to  the  stuhhles  and  plowing  the  earth  toward  the  middls 
of  the  row.  This  is  a  step  taken  as  soon  as  is  convenient  after 
tiie  fields  have  been  burned  over  and  cleared  of  the  debris  of 
the  previous  crop.  Ordinary  mould  board  plows  do  tlii-^  effec- 
tively. 

An  implement  shown  in  Fig.  21  is  designed  to  be  operated 
astride  the  stubbles.  The  two  heavy  prongs,  being  imbedded 
ten  inches  or  more,  act  as  snli-soil  plows  to  loosen  the  earth  on 
cither  side  <)f  the  stubbies.  Tlie  <l('vice  was  designed  bv  Jlr. 
liobt.  Fiicke. 

A  similar  but  smaller  implement  is  shown  in  Fig.  22. 
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For  loosening  the  soil  to  a  considerable  depth  between  tho 
rows  of  stubbles  or  even  after  Ibe  young  ratoons  liave  begun  to 
appear,  we  have  a  substantial  impleinent  having  three  heavy 
subsoilin^  proiifjs  as  represented  in  Fig.  23. 


Pig.  11.    Cultivator  for  epeclal  service. 


Fig.  12.    Anotber  special  service  cultivator. 

The  purpose  of  this  implement  is  similar  to  that  of  the  device 
described  as  the  K'daupa  Hook  at  th(!  lOlii  tminiid  meeting. 


This  plantation-built  (lovlce  has  throp  iron  prongs  projecting 
al)onl  14  in;'tuw  from  a  licavy  wiiodcii  fniiiii-  (Fig.  24).  It  was 
rpjMtrtcd  that  in  running  these  titroiifih  the  raHnHi  Holds  as  soon 


Fig.  13.     Scraper  used   In  blllliiK  t 


Fig.  13a.    Atiottier  form  of  hilling  ecraper. 

after  harvesting  as  j)i)ssihle,  tlie  groniid  is  thonntghly  broken  to  a 
depth  of  about  10  inebes,  with  a  beiieheial  ri'snit  Ibat  is  notiec- 
able. 
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All  implemGiits  of  this  nature  deserve  special  attention.  The 
deeper  and  more  thoroughly  tlie  soil  can  be  worked  within  the 
limit  of  actually  uprooting  the  stubbles  the  better  ii  would 
seem  for  the  resulting  ratoons.  The  decreased  yields  in  con- 
iimioiis  raiooninq  is  largely  a  matter  of  increased  compactness 
of  the  soil.  The  more  that  can  be  done  to  alleviate  this  con- 
tingency the  longer,  quite  naturally,  can  the  expense  of  re- 
planting be  profitably  postponed.  This  is  rather  a  self-evident 
idea  and  one  that  should  be  more  fully  developed  in  practice. 


Klg.  U.     The  ordinary  celery  hlller  is  also  employed  in  hiUIng  cane. 

THE  FROBLKM  OF  CULTIVATIOS. 

It  would  seein  that  if  there  is  one  time  at  which  cul- 
tivation can  he  practiced  ad  libitum  it  is  within  that  brief 
period  which  falls  after  harvesting  aiwl  before  the  ratoons 
have  developed  a  root  system  whicli  is  extensive  enough  to  be 
injured  by  stirring  the  soil  between  the  rows.  In  this  connec- 
tion it  may  be  of  interest  to  cite  some  recent  observations  made 
by  Mr.  \V.  P.  Naquin  and  the  writer  which  show  at  once,  the 
extent  of  the  root  system  of  very  young  cane,  and  the  danger 
of  injuring  such  cane  by  the  careless  use  of  implements— that 
is,  by  practicing  deep  cultivation  too  late  in  the  growing  season. 

By  means  of  a  clever  metlio.1  descrilied  in  Tiullctin  127  of  the 
Kansas  Experiment  Station  the  root  system  of  sugar  cane  waa 
exhumed  in  such  a  manner  as  to  preserve  the  original  position 
of  the  roots.     Contrary  to  expectation  it  was  found  that  cana 
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of  less  than,  three  months'  growth  had  developed  roots  which 
interlocked  aeross  five  foot  rows,  and  which  were  distributed 
in  a  very  general  manner  throughout  the  fifteen  inch  depth  of 
stirred  soil,  also  which  had  oceasionally  ventured  to  a  deptli 
of  over  thirty  inches — half  of  this  into  soil  which  gave  every 
evidence  of  never  having  been  stirred  by  artificial  means. 


Fig.  15.    Furrow  plow^L.ahalna  type. 


Fig.  16.    Furrow  plow — Baldwin  type 

It  would  therefore  seem  that  cultivating  implements  cannot 
l>e  employed  to  best  advantage  abnnt  cane  without  due  con- 
sideration of  a  root  growth  .such  as  is  illustrated  in  Fig.  2.5, 
T?ie  Mirring  of  Me  snrfnv.e  foil  about  growing  tain  would  f^eem 
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atmo^l  iiicrllohh/  lo  rvxiiU  in  m»,r  or  Irss  root  >lMrurtim.. 
When  the  benefits  of  srirriuj;  llip  surface  soil  are  such  as  tii 
more  than  coiiipciisate  fi>r  this  hhiI  injury — well  and  goo<l. 
Ilowpver  it  is  iiii)iortant  lo  Ik'Ht  in  mind  the  fact  lliat  (imiitcr- 
aotinj:  influences  are  nt  play,  so  that  care  may  l.p  taken  that  the 
ill  efTects  do  not  offnct  the  dcsirwl  ends. 

If  stress  is  laid  on  this  point  it  is  Iwvansp  some  of  the  most 
recent  work  in  eidtivation  has  offered  rather  revolntionarv  rr*- 


Ple.  11-    The  Homer  double  disc  plow. 

snits.  In  the  ..],iiiioii  of  [)r.  \\.  T.  Oallowav/  Asst.  Seoretniv 
r.  S.  Dcpt.  of  .\eTi<-«ilt'ii-<'  ■■■I'l'is  work  seems  lo  involve  a  £nu- 
danicnlal  ])oin(  and  slu-ds  c.in-^idenil.jc  lifjlit  on  the  snhj«-t  of 
Ullage.-' 

Those  who  are  familiar  willi  the  growth  of  Ixith  sngar  cane 
and  corn  conld  hardly  gainsay  that  the  eidtivation  of  the  two 
crops  is  co-related  in  so  far  as  the  ]viinls  at  issue  arc  con- 
cerned. 


We  are  therefore  indebted  to  ilessrs  J.  S.  Gates  and  H.  P. 
Cox  for  their  work  entitletl  "The  Weed  Factor  in  the  (Iiiltiva- 
tion  of  Com,"  from  whii'h  we  extraft  the  following: 


Fig.  IS.     A  mod  in  cation  of  the  double  disc  plow. 

■'A  niiinlicr  of  tests  iiiadt'  at  several  agricultural  I'XperJ- 
mont  stations  seem  to  iiwlicate  that  it  is  the  weed  factor 
that  makes  the  cultivation  of  com  necessary,  or,  stating  the 
projjosition  conversely,  that  cultivation  is  not  beneficial  to 
the  corn  plant  excei>t  insofar  as  removing  the  weeds  is 
eonceraed. 

"'I'lie  Hiibjift  of  weed  control  is  retMij^iized  as  a  funda- 
mental one  ill  tillage  philosophy.  It  was  tlierefore  deter- 
mined to  carry  on,  over  a  wide  range  of  climatic  and  -soil 
conditions,  a  large  number  of  tests  of  the  relative  yields  of 
com  pro<lnccd  by  supposedly  optiuiuni  cultivation  as  com- 
pared with  mere  weed  elimination. 

"Tlie  ex|H'riiiicnts  were  made  by  liaving  two  plats  or  sets 
of  plats,  one  of  which  received  no  cultivation  after  plant- 
ing, the  weeds  l)eing  kcjit  down  by  a  borizimlal  -stroke  of 
a  sharp  hoe  at  the  surface  of  tbo  soil,  particular  care  being 


taken  not  to  distiirh  tli*  soil  or  to  form  a  soil  mnlcli ;  tlio 
other  set  of  plats  receivpd  the  usual  cultivation. 


Pig.   19.     Special  disc  cultivating  device. 


Fig,  20.    AnoiUer  adjustment  ot  the  Implement  shown  In  Fig.  19. 

■'Til is  work  wiis  carricil  mi  hv  tlic  IVpartinciit  of  Ai^viciil- 
ture  for  six  yearn  (lOOfi  to  1911)  in  cooperation  with  sev- 
eral State  agricultural  experiment  stations  and  with  farm- 
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era,  many  of  whom  were  graduates  of  agricultural  colleges. 
....  Of  the  liJ5  experiments  124  record  grain  yields  and 
55  give  fodder  yields. 

■'A  general  average  of  all  of  these  experiments  shows 
tliat  the  wpodrd  plats  prodii<^d  ft.'i.t  per  cent  as  much  fod- 


Fig.  21.    A  special  device  for  ratoone. 


Pig.  22.    Modified  form  o(  Fig.  21. 

der  and  ItO.lflS  per  cent  as  much  grain  as  the  cultivated 
ones.  Tf  there  was  any  difference  hctween  either  set  of 
plats  in  regard  to  thoroughness  in  keeping  down  weeds  it 
was  in  favor  of  the  cultivated  plats. 


"Altlioiijrli  it  rciniiiiis  to  lie  ilcininistralcd  how  fir  tliis 
])riii<>i]i1<-  iiiHv  1)0  }ip|)iio(]  in  any  particular  pccllon  us  a  gen- 
eral aycriiii"  for  all  llic  rcjjiniis  in  which  ihis  work  wa;:  dmio 
it  may  he  cihicIikIi'iI  that  th<'  proiioKitioii  just  statcil  is  siil>- 
Btanttally  true.  If  this  Im-  accpDted,  weed  control  hecomes 
the  |)riin'i|ile  iibjcct  nf  ciiUivatioii. 

"All  c.\)ilanatii)ii  of  the  rostilis  ahlainctl  in  tlusc  csjK'ri- 
menta  is  of  seconilarv  iinportaiicfi  as  compared  with  the 


Fig.  23.    Device  Cor  deep  cultivation  of  ratoon  fields. 

iiiterprelatioii  \vc  shall  j^nv  thcin  from  a  practical  staiid- 
point.  The  results  as  a  whole  come  well  within  the  limits 
of  experiinciitul  error,  showing  no  more  difference  in  yield 
between  the  wce<Ie(I  plats  and  those  receiving  tio mi al  cnlti- 
vatioii  than  niiirlit  he  expected  between  two  series  of  135 
plats  treated  exactly  alike. 

'■ \s  .i]i!v  ii  sin:ill  inniilwr  "f  experiments  have  liecn 

eoiidiicled  in  some  Stales,  it  is  probable  that  another  set 
of  tests  wonld  show  considerable  difference  in  resnlts  in 
many  localities.  Tt  wonld  not  lie  advisable,  therefore,  to 
make  practical  sn^i^st ions  for  any  particular  lix'ality  based 
on  the  indications  of  these  results  as  a  whole  withont  first 
niakin'T  actual  tests  to  sec  whether  nnder  local  conditions 
these  same  principles  will   jjpvern.     Where  these  results 
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are  found  to  hold  good,  however,  two  entirely  new  fields  of 
research  are  opened  up,  and  their  practical  importance  to 
the  com  gi-owers  of  America  from  a  labor  and  money  sav- 
ing standpoint  is  not  to  be  gainsaid 

^*If  it  be  true  that  weeds  make  the  cultivation  of  corn 
necessarv  tlie  problem  immediately  presents  itself  as  to 
what  fann-management  methods  can  be  pursued  to  elimin- 
ate or  reduce  to  a  minimum  the  weed  pests  of  the  farm  .  .  . 


ig-2S  3  0 


Fig.  24.     The  Kilauea  hook. 


'*()ur  present  implements  for  cultivation  are  designed  pri- 
marily to  produce  a  mulch  and  stir  the  ground.  Weed 
killing  is  a  secondary  functi<m.  It  is  possible  that  newly 
designed  im])lements  made  with  s])ecial  reference  to  weed 
control  could  accomplish  this  end  with  greatly  decreased 
cost.  The  weeder  will  probably  be  considered  of  vastly 
more  importance  than  heretofore  when  more  data  with  ref- 
erence to  its  use  are  available.  .  .  . 
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^^The  writers  interpret  the  results  here  presented  to  mean 
that  weeds  are  in  the  main  the  enemy  which  makes  culti- 
vation necessary.  The  exceptions  should  be  determined  by 
further  work.  Weeds  can  be  fought  from  two  standpoints : 
(1)  With  tillage  implements  specially  designed  to  kill  these 
pests  instead  of  to  stir  the  soil  and  make  a  mulch  and  (2) 
from  the  standpoint  of  rotations  specially  designed  to 
overcome  the  weeds  of  the  particular  locality " 

WEED  CONTROL   BY  ARSENIC. 

A  third  method  of  combating  weeds  in  cultivated  fields  ha? 
been  developed  by  Mr.  C.  F.  Eckart  based  upon  an  idea  which 
he  credits  to  the  writer.  Mr.  Eckart  has  designed  in  this  con- 
nection a  device  which  was  described  at  the  last  (1913)  annual 
meeting:  of  the  Hawaiian  Sugar  Planters'  Association  as  the 
Olaa  Weed  Sprayer*. 

Essentially  it  is  an  apparatus  permitting  a  spray  of  arsenite 
of  soda  to  play  upon  the  grass  or  weeds  between  the  rows  of 
cane  without  material  injury  to  the  cultivated  crop. 

To  quote  Mr.  Eckart  in  regard  to  the  innovation  he  has  effect- 
ed in  destroying  weeds : 

"The  fact  that  in  the  Hilo  district  alone  between  three- 
quarters  and  one  million  dollars  are  spent  annually  in  an 
everlasting  fight  against  weeds  makes  any  step  toward 
economy  in  this  branch  of  field  work  particularly  import- 
ant at  this  time,  and  I  feel  that  no  stone  should  be  left 
unturned  in  definitely  settling  the  commercial  practicabil- 
ity of  any  proposed  measure  toward  this  end  which  car- 
ries with  it  the  remotest  degree  of  promise 

"From  niunerous  tests  conducted  by  Dr.  W.  F.  Sutherst. 
field  chemist  for  the  Olaa  Sugar  Co.,  it  was  found  that  a 
very  weak  solution  of  arsenite  of  soda  was  effective  in 
killing  the  weeds  if  applied  during  dry  weather.  One 
pound  of  commercial  white  arsenic  was  boiled  with  one 
pound  of  soda  ash  in  one  gallon  of  water  till  dissolved. 
This  stock  solution  was  diluted  with  varying  amounts  of 
water  and  trials  carried  out  with  a  hand  sprayer  on  a 

♦  Hawaiian  Planters'  Record,  Vol.  X,  pp.  101-106. 
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number  of  small  cane  plats.  Dr.  Sutherst  found  that  a 
(iihition  of  the  stock  to  one-fortieth  strength  proved  the 
most  satisfactory. 

^^Using  small  sleds,  carrying  twenty-five  gallons  solution 
one  man  and  one  mide  will  take  care  of  from  three  to  five 
acres  a  day.  From  fifty  to  seventy-five  gallons  of  solu- 
tion are  refpiired  per  acre,  depending  upon  the  weediness 
of  the  fiehl.  One  large  water  wagon,  holding  about  six 
hundred  gallons  solution  and  drawn  by  four  animals, 
should  manage  to  supply  about  ten  sleds.  At  this  rate 
the  average  total  cost  per  acre  for  labor  and  chemicals 
would  be  practically  $0.65. 

"From  the  results  we  have  so  far  obtained  in  the  small 
scale  tests  (15  to  20  acres)  now  imder  way  I  am  satisfied 
that  every  precaution  should  be  taken  to  prevent,  as  much 
as  possible,  the  s])ray  from  coming  in  contact  with  the 
cane,  and  the  sled  is  well  adapted  for  this  purpose.  As  it 
passes  between  the  rows  of  cane  it  brushes  aside  any  leaves 
or  shoots  which  are  overhanging  the  middles  so  that  they 
do  not  become  crushed  or  sprayed,  the  runners  acting  as 
an  eflfective  guard. 

**As  matters  now  stand  it  may  be  said  that  these  tests 
are  very  encouraging,  and  if  our  final  results  convince  us 
that  this  practice  can  safely  be  applied  commercially  the 
present  expense  for  weed  destruction  should  be  reduced  to 
less  than  cme  half.  The  spray  kills  the  weeds  in  the  mid- 
dles between  the  cane  rows  and  the  sprayer  itself  as  a 
mechanical  device  meets  requirements.  It  now  remains  to 
be  positively  ascertained  that  no  harm  residts  from  the 
apj)lication  of  this  small  amount  of  arsenic  to  the  soil.  Six 
or  seven  pounds  of  arsenic  added  per  acre  per  crop  to  a 
ferruginous  soil  in  a  wet  climate,  would  certainly  not  lead 
one  to  expect  any  harmful  eflfects  especially  when  it  is 
considered  that  most  of  this  element  is  already  organically 
combined  owing  to  its  action  on  the  weeds  before  it  passes 
into  the  soil.     However,  it  is  advisable  that,  notwithstand- 
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ing  any  preconceived  ideas,  this  point  should  be  definitely 
spttlcd  Itefore  the  practice  is  put  into  coinmerc'al  usc.t 

"In  the  coitiiiicrcial  application  of  this  system  the  fol- 
lowing procedure  would  probably  prove  the  most  effective : 
(1)  the  sled  to  be  drawn  between  the  cane  rows,  following 
which  (3)  the  weeds  are  hoed  out  of  the  cane  rows  and 
deposited  in  the  middles,  (3)  the  sled  again  passing  along 


Ftg.  2G.    Olaa  weed  sprayer — 1913  model. 

the  middles  for  a  second  application  of  the  solution.  There 
would,  of  course,  be  a  considerable  interval  between  No.  t 
and  No.  3.  In  this  manner  instead  of  digging  up  the 
weeds  with  a  hoe  or  cultivator  and  then  transplanting  them 

t  To  all  Intents  and  purposes  this  point  has  since  been  settled. 
In  addition  to  the  tests  at  Olaa  <See  p.  43),  we  found  at  the  Experi- 
ment Station  that  areenlte  of  soda  Is  Instantaneously  nxed  in  non- 
caustic  form  by  the  Iron  and  aluminum  of  the  soil.  Tbie  is  true  to 
Buch  an  extent  tliat  severnl  hundred  pounds  arsenic  per  acre,  the 
equivalent  of  more  than  MXy  years  oF  weed  spraying,  could  be  added 
at  one  dose  in  Irrigation  water  witliout  apparent  Injury  to  the  grow- 
ing sugar-cane. 


aa  is  often  the  unavoidable  practice  with  houoliono  and 
otlier  weeds  iiiider  Ililo  conditions,  most  of  them  would 
be  killed  outright,  leaves  and  stem. 

The  viewj>oint  of  Dr.  Sulhrost  hiuiself  in  this  matter  may  be 
gained  from  his  own  «ccoutit  of  the  work. 

"The  question  whether  the  weeds  in  the  cane  could  be 
killed  without  damaginfj  the  cane  itself  is,  in  the  writer's 
opinion,  definitely  settled.     The  young  caue  stalk  is  built 


up  of  the  leaf  slieaths,  the  outside  of  which  arc  covered 
with  a  layer  of  wax;  anything  of  a  caustic  nature,  to  a 
limited  extent,  can  be  sprayed  on  to  this  stalk  without 
damage,  but,  of  eonrse,  any  spray  touching  the  leaves  dam- 
ages them  as  much  as  a  weed.  The  heart  of  the  yoimg 
cane  plant,  however,  is  not  actually  killed  by  careless 
spraying,  even  if  all  the  leaves  are,  and  the  problem  arises, 
can  the  cane  recover  from  the  slight  damage  due  to  a  few 
leaves  being  destroyed  ?  To  prove  the  positive  side  of  this 
query,  a  number  of  trials  were  carried  out,  using  the  above 
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named  arsenite  solution.  The  sprayer,  worked  by  hand, 
liitctl  with  H  ^'^^-tViot  oNtfiisiou,  was  kept  close  lo  the 
ground,  and  the  liquid  injected  hovizontally  among  the 
cane,  a  time  heing  chosen  wlien  the  weetls  were  about  2 
inches  high,  lii  every  case  the  weeds  were  killed,  and  the 
cane  recovered  quickly  from  the  alight  check  and  in  a  few 
weeks  was  to  all  appearances  the  same  as  the  nosprayed 


Flf.  28.    The  knapaack  sprayer. 

plots.     On  smooth  ground  a  luaehine  oonhl  be  used,  but  for 
most  cases  it  is  advisable  to  use  a  hand  sprayer. 

"The  advautagew  of  spraying  over  hoeiug  are  very  evi- 
dent; the  coat  of  the  latter  being  estimated  at  least  four 
times  aa  great,  since  a  hand  sprayer  can  do  V/i  acres  per 
day,  a  machine  working  one  cane  row  at  a  time,  about  5 
acres,  the  cost  of  chemicals  is  practically  negligible,  being 
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about  10  cents  per  acre.  It  has  been  proved  experimentally 
by  the  writer  Uiat  a  sprayed  area  remains  weedleas  for  a 
very  much  longer  time  than  a  hoed  area,  since  by  the  lat- 
ter method,  fresh  weed  seeds  are  brought  to  the  surface 
and  only  needed  this  for  germination ;  also,  in  wet  tropical 
climates,  the  weeds  actually  removed  with  the  hoes  or  by 
hand  will,  in  most  cases,  continue  growing  in  a  new  loca- 
tion, so  that,  theoretically,  one  spraying  should  take  the 
place  of  two  or  even  three  hoeings.  Hoeing  and,  in  fact, 
any  surface  disturbance  of  tlie  soil,  leads  to  soil  washing 


Fig.  29.    The  arsenic  supply  tank  (Otoa). 

during  rain,  and  if  done  during  wet  weather,  as  is  often 
the  case,  tends  to  puddle  clay  soils.  It  might  be  argued 
that  leaving  the  soil  thus  without  any  hoeing  or  cultiva- 
tion would  be  harmful  to  the  cane  growth,  but  in  rainy 
di.'^tricts,  to  which  this  article  chiefly  applies,  no  good  pur- 
pose comes  of  these  operations,  as  the  loosened  soil  ia 
immediately  beaten  compact  or  washed  away.  Again,  the 
cane  gets  no  cultivation  for  the  last  12  or  18  months  of 
growth,  and  it  seems  to  thrive  during  that  period  as  well 
as   any  other.     In   the  Hawaiian  Islands  the  soil  is  so 
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porous  that  most  of  the  rain  percolates  at  once  through 
the  subsoil  to  the  lava  rock  underneath.  This  brings  aiwut 
a  natural  aeration  of  the  soil  (the  main  object  of  cultiva- 
tion), which  is  undoubtedly  hindered  by  hoeing  or  culti- 
vating soils  in  wet  climates. 


Fig.  30.    The  stubble  ai^ger  {.Avery). 

"It  nin.st  be  noted  finally  that  all  spraying  operations  re- 
quire very  great  care  in  their  manipulation;  during  rain, 
of  course,  it  must  not  he  done,  but  soon  after  a  shower, 
especially  if  the  snn  shines,  it  can  be  continued;  rain  two 
hours  after  spraying  is  no  detriment.     By  observing  these 
rules  and  using  ordinary  intelligence,  spraying  can  save  a 
plantation  in  labor  from  15  to  'Mi  dollars  a  yciir  per  acre." 
These  opinions  of  Mr.  Kckarl  and  Dr.  Sutherst  were  publish- 
ed some  months  ago  when  this  innovation  in  agriculture  was 
yet,  we  may  say,  in  a  wcmi-expcri mental  stage.* 

It  has  since  been  adopted  as  a  regular  field  practice  through- 
out the  lands  of  the  Olaa  Sugar  ("o.  and  it  may  therefore  be  of 
interest  to  refer  to  the  re])oi'ls  of  Air.   L.  D.  Larsen,  who  re- 
cently visited  Mr.  Eekart  on  behalf  of  the  Experiment  Station. 
•Hawaiian  Planters'  Record,  Vol.  X,  p.  204. 
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"The  strength  of  solution  used  at  present  (April,  1914) 
ia  5  lbs.  of  arsenite  to  100  gallons  of  water.  The  stock  so- 
lution consists  of: 

20  lbs.  arsenite. 

4  to  5  lbs.  of  soda. 

10  gals,  water. 


Fig.  31.    Stubble  bre&ker. 

■'This  is  boiled  fur  10  lo  15  minutes.  Fifteen  gallons  of 
this  stock  solntiou  are  diluted  to  GOO  gals,  in  the  big  supply 
tanks.  The  pictures  show  these  -supply  tanks  as  well  as  the 
feed  tanks,  ar.d  the  sled  and  hand  sprayer. 

'"When  hand  spraying  is  done  a  feed  tank  is  used  to  carry 
the  solution  from  the  big  supply  tank  on  the  road  to  the 
men  with  the  hand  sprayers  in  the  fields.  This  feed  tank 
consists  of  an  oil  barrel  attached  to  a  stoue  sle<l.  li  holdi 
50  gala.  It  is  pullod  by  one  nmle  and  may  l)e  taken  into 
the  smaller  field  roads  and  between  the  cane  rows.  The 
sled  sprayer.'  consist  of  a  2.'>-gallon  iron  tank  ou  a  3-foot 
wide  sled.  It  has  three  spray  nozzles  at  each  end,  a  pump 
and  sometimes  a  pressure  gauge.  The  nozzles  may  be 
pushed  closer  toip-ther  or  further  apart,  according  to  the 
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widtli  of  furrow  one  desires  lo  spray.  No  guards  are  used 
lo  protect  tlip  asine  niu!  it  la  not  considered  neceasary.  Tlie 
injury  I  was  told  is  not  appreciable.  I  did  not  see  the 
sled  apniyprs  in  antion.  Whoie  tlie  hand  sprayers  were 
being  iisp<l  it  was  hard  to  find  specimens  of  leaves  that  had 
l)cen  touched. 


Fig.  33.    A  device  for  covering  sced-canc 

''It  is  Mr.  Kckart's  ]>laii  to  do  as  much  sled-spraying  as 
po&sible  and  to  follow  this,  after  a  short  interval,  -*ifh  a 
light  hand  spraying  to  touch  up  the  .=ipots  that  may  have 
been  missod  by  the  s!ot!s.  In  t^led-spraying,  when  the  weeda 
are  light,  the  spmying  is  done  from  one  end  of  the  tank 
only  (with  3  nozzles).  When  the  weeds  are  plentiful 
s])ra_Ying  is  done  from  Ixith  ends  (with  all  6  nozzles).* 


*  The  Dozzle  ueed  ie  a  Deming-Ver morel.  It  costs  GO  cents  at  Olaa. 
The  knapsack  aprayera  cost  15.00  t.  o.  b.  San  Francisco.  They  were 
bought  from  the  Pacific  Hardware  &  Steel  Co..  San  Francisco.  The 
arsenlte  cornea  to  6  cents  a  pound  at  Olaa.  and  the  soda  at  3^  cents. 
In  mixing  the  solution  they  have  had  best  success  by  dlBsolviiig  the 
Boda  first  and  after  this  has  come  to  a  boll,  adding  the  arsenlte  grad- 
ually. 


43 

'■The  cost  of  spraying  at  present  is  fi-om  50  cents  to 
$1.00  for  alcd-sjirayiiig,  and  from  $1.00  to  $1.25  for  lian<l 
spraying.  The  nmxinniin  amount  of  work  for  the  sleds  is 
5  acres  per  day.  The  maximum  for  hand  spraying  is  a 
little  over  one  acre.  From  two  to  four  applications  are 
required  per  crop,  de]»endiiig  largely  on  the  weather  condi- 
tions. The  weather  during  the  past  season  has  heen  imusu- 
ally  favorable  to  snecessfiil  spraying. 


Fig.  34.    A  trash  rake. 

*"Au  interesting  experinipnt  is  being  conducted  in  one 
of  the  fields  to  test  the  accumulative  effect  of  the  araenii; 
upon  the  cane.  Ten  rows  of  cane,  each  a  hundred  feet 
long,  are  included  in  this  experiment.  Arsenic  is  being 
applied  to  tlie  soil  at  the  rate  of  5  lbs.  per  acre  each  week. 
The  experiment  has  been  running  since  October  25  and 
140  Ib-s.  of  arsenic  have  Ix-en  applied  already.  As  yet  no 
injurious  effects  wbalever  are  noticeable. 

"According  to  ^[r.  Eckart  they  have  dispensed  with  fully 
half  of  their  cultivating  by  the  use  of  tliis  arsenite  and 
have  reduce<l  the  amount  of  hoeing  very  materially.  The 
spraying  goes  much  closer  to  the  cane  than  the  cultivatora 
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can,  and  makes  the  hoeing  in  the  cane  rows  cheaper.  lie 
says  that  they  can  probably  do  away  with  all  of  their  cul- 
tivation from  off -barring  to  small  plowing  Ix^fore  hilling 
up.  If  this  can  be  done,  and  I  see  no  reason  why  it  can- 
not, the  savina:  would  be  verv  much  «:reater.  He  is  also 
planning  to  spray  along  the  roadways  to  keep  the  weed 
seeds  from  maturing  and  infecting  the  fields." 


— _ — e*' 


Pig.  36.    Another  trash  rake. 


MlSCEIiLANKOUS    i>E VICES. 

The  Sfvhble-iyigger. 

The  stubble-digger,  Fig.  30,  an  implement  widely  used  in 
Louisiana,  is  found  on  several  plantations  in  these  Islands.  As 
it  is  run  along  the  row  the  spikes  puncture  the  earth  in  and 
about  the  stubbles,  loosening  them  to  a  certain  extent  and  thus 
offering  the  forthcoming  ratoons  a  greater  freedom  for  root 
development.  Though  we  have  no  definite  information  as  to 
its  benefits  in  these  islands  several  managers  endorse  its  use. 

At  a  few  plantations  in  the  Hilo  district  good  results  are  re- 
ported from  running  a  heavy  spiked  harrow  over  the  stubbles 
before  off-barrinir.  In  this  operation  tlie  stools  are  torn  to  some 
extent,  but  where  the  stubbles  are  tough  and  strongly  rooted  de- 
cided benefit  is  said  to  result. 
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Siubhle  Breakers. 


On  several  plantations  near  Hilo  the  stubbles  of  the  Yellow 
Caledonia  cane  are  so  large  and  difficult  to  plow  out,  that  spe- 
cial implements  are  required  for  breaking  them.     One  of  these 


Fig.  36.     Fertilizer  dletrlbutor  (Avery). 


Fig.  37.    A  fertilizing  plow  WOO)- 

ilfvicos  is  shown  in  Fig.  -tl.  It  is  fitted  with  two  large  discs 

which  split  the  stubbles  and  throw  them  out  with  the  aid  of 

the  subsoil  plow  in  the  rear.  The  implement  is  of  very  heavy 
draft  and  requires  8  mules. 


Another  form  of  stiibhic  breaker  is  illustrated  in  Fig.  32  being 
hauled  by  a  tractor  engine  It  is  conatriieted  on  somewhat  the 
bame  principle  except  that  there  are  two  dises  on  either  gide. 


Fig.  3S.    Lime  distributor  {Westphalia). 


Fig.  39.  A  llgbt  plow  (or  looseolng  the  eeed-bed  or  covering  fertllzer. 
Sfcd-Canc  Corcrcr. 
A  device  which  may  Ik'  Milistitnted  for  lioes  iu  covering  seed- 
cane  is  shottn  in  Fig  ;t-'i.  It  is  an  invention  of  Mr.  Robert 
Hall  and  has  been  used  to  a  considerable  extent  at  Niulii.  It  Is 
said  to  lighten  the  expense  of  planting. 
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Trash- Rakes. 

The  work  of  cultivatinp;  is  oflen  impeded  by  the  presence 
along  the  cane  row  of  loose  trash  and  debris  from  the  previous 
orip.  The  dpvipe  shown  in  Fig.  3-1  may  be  used  to  clyar  the 
way  of  this  material,  thus  facilitating  subaeqiient  work  with 
implements. 


Fig.  40.    A  spur  wheeled  device  for  preparing  tbe  eeed-bed. 

Sti!]  another  form  of  trash-rake  is  shown  in  Fig.  35.  It  is 
designed  more  ('>-j»o<"ially  for  <rlcarin{!;  trash  from  a  field  which 
has  been  imperfectly  burned  off  as  may  frequently  occur  when 
the  weather  is  unfavorable.  The  accompanying  illustration. 
Fig.  ^5,  is  taken  from  the  Planters'  Record,  from  which  we 
quote  the  following  description  of  the  use  of  the  rake: 

"A  draft  animal  ridden  by  the  driver  is  hitched  with  the 
single-tree  about  six  feet  ahead  of  the  rake.  A  rope  is  attached 
to  the  upper  end  of  the  arm  and  is  manipulated  by  another 
operator  who  may  at  infenals  exchange  places  with  the  <lriver. 
The  roar  operator  keeps  the  rake  in  an  upriglit  position  until  it 
is  desired  to  dump  the  load.  At  this  point  he  simply  releases 
tension  on  the  rope,  the  rake  rides  over  the  trash  it  has  accumu- 
lated and  is  again  drawn  in  position  for  the  next  load.     It  is 


Fig.  41.     Iioose  link  harrow. 


Fig.  42.    Rigid  link  harrow. 


a  continuous  process,  there  being  ordinarily  no  necessity  to  stop. 
With  experienced  labor  one  operator  is  sufficient.     TTnder  fav- 


Pig'  43.    Heavy  barrow  lor  rocky  iand. 


Fig.  44.    The  disc  harrow. 


orable  conditions  this  rake  can  clean,  up  the  trash  from  five  or 
six  acres  a  day." 

The  device;  is  an  invt-ution  of  Mr,  H.  B,  Penhallow. 
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Seed-Bed  Preparers. 

It  is  custom  a  rv  in  some  districts  to  loosen  the  earth  in  the 

1/ 

furrow  before  planting.  A  light  two-pronged  plow  for  this 
work  is  pictured  in  Fig.  *59.  It  also  tinds  service  for  scratch- 
ing a  light  furrow  in  covering  fertilizers. 

A  second  device  of  this  character  is  shown  in  Fig.  40.  It  is 
provided  with  rotary  prongs. 

FKUTILIZINO  MA(MIINES. 

The  use  of  machines  for  the  distribution  of  fertilizers  has  not 
as  yet  gained  a  wide  popularity  in  these  islands,  but  certain 
plantations  have  reported  a  decided  preference  for  the  machines 
as  against  hand  distribution.  An  actual  monetary  gain  is 
claimed  in  some  instances  in  conne<*tion  with  certain  other  ad- 
vantages in  the  way  of  a  more  even  distribution  of  the  fertiliz- 
ing material,  and  the  smaller  number  of  laborers  required  in  the 
work. 

The  .1  venj  tyjK*  is  shown  in  Fis:.  '30.  One  manager,  Mr. 
Broadbent,  re])orts  that  these  machines  are  doing  good  work  after 
six  years  of  service.  Tie  considers  five  acres  per  day  as  a 
fair  average  for  each  machine  in  applying:  fertilizer  at  the  rate 
of  1000  pounds  per  acre.  "On  fairly  level  fields  with  long  fur- 
rows more  than  five  acres  are  covered,"  he  states,  "while  on 
uneven  fields,  where  furrows  are  crooked  and  short,  not  so  much 
is  accomplished." 

A  substantial  and  simply  constructed  machine  having  hifijh 
wheels  is  preferable  to  one  which  lacks  these  features.  The 
hia^hcr  wheels  enable  larger  cane  to  be  fertilized,  as  a  machine 
which  sets  close  to  the  ground  is  more  apt  to  break  the  cane. 

We  have  also  seen  a  distributor  of  home  construction  pro- 
vided at  the  rear  wMth  a  scarifying  device  for  covering  the  ferti- 
lizer as  it  is  applied.  We  have  at  hand  no  report  as  to  the 
economy  of  thus  handling  the  two  operations  in  unison. 

A  combination  of  a  plow  and  fertilizer  distributor  is  shown 
in  Fi;?.  o7.  Obvioii«]v  this  finds  a  field  of  usefulness  only  when 
plowing  and  fertilizing  can  be  advantageously  performed  at  the 
same  time.  This  is  the  case  on  a  fe^y  plantations  when  young 
ratoons  are  furrow  ploirrd  or  off-harred.  The  device  is  an 
invention  of  Afr.  James  Os:*?  an<l  is  reported  to  work  success- 
fully at  the  TTaw^aiian  Agricultural  Co, 
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For  the  distribution  of  lime  an  ordinary  fertilizer  distribu- 
tor may  be  employed  or  a  device  of  special  construction  is  com- 
monly resorted  to,  such  as  the  Westphalia  type  as  illustrated 
herewitli  (Fig.  .58).  Fretjuently  machines  of  this  type  must  Ihj 
blrengthened  by  adding  braces  or  the  conditions  of  the  average 
ougar  plantation  will  prove  too  severe. 

The  ordinary  manure  spreader  constructed  along  the  lines  of 
the  ordinary  farm  wagon  has  in  general  proved  unsuited  to  the 
conditions  of  our  plantations  and  there  appears  to  be  a  field  for 
a  more  heavily  constructed  spreader  than  is  commonly  marketed 
— one  better  prepared  to  encounter  the  deep  furrows  and  ditches 
which  are  to  be  met  with. 

HABBOWS. 

The  variety  of  harrows  found  in  use  is  so  great  that  we  have 
only  attempted  to  illustrate  the  various  types. 

In  Fig.  41  is  one  that  is  very  popular.    It  consists  of  a  series 
of  links,  each  provided  with  a  tine  or  prong.    The  loose-jointed, 
links  permit  the  implement  to  ride  over  uneven  surfaces  and 
cause  it,  when  clogged  with  grass  or  debris,  to  buckle  sufficiently 
to  free  itself. 

A  second  widely  used  form  consists  of  a  number  of  tines  at- 
tached to  a  rigid  frame.  In  many  instances  a  harrow  of  this 
nature  is  preferable  to  tlie  one  just  described.  There  are  many 
variations  of  this  form. 

The  harrow  shown  in  Fig.  42  is  in  use  in  the  Kona  district. 
It  was  originated  by  Mr.  E.  E.  Conant.  It  embraces  a  com- 
bination of  the  desirable  points  of  each  of  those  just  previously 
described.  It  consists  of  a  series  of  hinged  frames.  These 
frames  give  it  rigidity,  while  the  hinged  joints  permit  it  to 
buckle  sufficiently  to  free  itself  of  grass  or  debris. 

In  Fig.  43  is  a  harrow  used  in  the  Olaa  district.  It  is  espe- 
cially constructed  for  rocky  lands,  its  chief  features  being 
weight  and  durability.  The  two  sections  as  shown  are  of  metal 
and  are  said  to  weigh  640  pounds. 

On  a  few  plantations  the  disc  harrow  (Fig.  44)  has  been  tried 
and  is  reported  to  give  most  satisfactory  results.  This  is  an 
implement  that  should  particularly  appeal  to  those  who  are  be- 
coming interested  in  green  manuring  crops.  When  passed 
across  such  a  crop,  the  cutting  action  of  the  disc  reduces  the 
growing  material  to  a  state  well  suited  to  be  turned  under  by 
plows. 
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TBACTOB  PLOWING. 


It  is  not  unlikely  that  gasoline  tractor  plowing  will  eventually 
encroach  to  some  extent  on  both  the  animal  plowing  and  the 
steam  plowing  of  these  Islands.  In  fact,  an  initial  inroad  has 
already  been  made.  The  so-called  caterpillar  or  track-laying- 
tractor  is  so  well  suited  to  traveling  over  rough  fields  that  it 
imdoubtedly  deserves  consideration  in  studying  the  possible  eco- 
nomics in  land  breaking.  Two  types  of  such  tractors  are  sJiown 
in  Fig.  45  and  in  Fig.  32. 

A  leading  point  is  to  secure  a  suitable  plow  to  trail  behind 
the  tractor,  and  from  all  accounts  the  pioneer  tractor-plowing 
in  Hawaii  has  been  somewhat  handicapped  on  this  score. 

Perhaps  the  most  efficient  plow  for  this  purpose  which  has 
met  our  observation  is  the  engine  disc  plow  shown  in  Fig.  46. 
The  discs  on  this  particular  implement  are  twenty-six  inches  in 
diameter,  there  is  ample  clearance  between  the  discs,  and  there 
are  many  points  about  it  which  bespeak  skill  in  designing. 

This  plow,  insofar  as  we  have  yet  heard,  has  not  found  its 
way  to  any  of  the  sugar  plantations,  but  it  has  done  very  excel- 
lent work  in  breaking  new  land  in  the  pineapple  areas  of  Oahu. 

STEAM    PLOWING    BY    CABLE. 

The  excellent  yields  of  these  Islands  are  probably  due  as 
much  to  deep  plowing  as  to  any  other  one  factor.  The  greater 
part  of  this  deep  tilling  is  done  by  the  John  Fowler  steam  plow- 
ing outfits.  In  fact,  as  was  pointed  out  by  Mr.  Geo.  F.  Renton 
(1911  annual  meeting)  "it  is  certainly  a  compliment  to  the 
manufacturers"  that  **the  steam  plows  in  use  in  Hawaii  have 
all  been  manufactured  by  one  firm."  Mr.  Renton  proceeded 
to  Qstimate  that  "Taking  it  all  around,  there  is  invested  in  this 
Territory  in  plowing  engines,  cables,  plows  and  accessories, 
about  a  million  dollars." 

For  breaking  land  the  three  gang  outfits  shown  in  Fig.  47  are 
ordinarily  employed.  Possibly  the  deepest  plowing  in  these 
Islands,  if  not  in  the  entire  world,  is  accomplished  by  the  single 
furrow  j)low  shown  in  Fig.  48. 

There  are  two  modifications  of  these  ordinary  mould  board 
forms.  In  the  first  of  these  (Fig.  40)  the  mould  boards  which 
turn  the  soil  as  they  break  it,  are  replaced  by  heavy  tines  which 
act  as  a  knife  and  merely  break  the  land,  without  upturning  it. 


This  arrangement  gives  valuable  service  where  the  subsoil  is  of 
snch  a  nature  that  it  would  be  inadvisable  to  effect  its  admix- 
ture with  the  surface  soil.  By  breaking  it  with  the  so-called 
kniv&t  this  soil  is  ■rradnalSv  aerated  and  made  of  service    to 


the  crop.  A  number  of  managers  have  reported  excellent  re- 
sults from  the  use  of  this  implement  where  the  surface  soil  is 
comparatively  shallow.     The  second  modification  consists  of  a 


bubstilulion  o£  revolving  fliacs  for  the  mould  board  plowi  (Fig. 
i)0).  llr.  Morrison  reports  thnt:  "We  use  an  eight-gang  Fowler 
disc  to  turn  in  all  the  iegunie:'  which  does  the  work  very  satia- 
factorilj,  but  for  ordinary  plowing  nothing  can  come  near  the 
three-gang  plows." 

Another  form  of  steam  plow  in  use  on  a  few  plantations  con- 
sists of  a  large  single  plow  for  making  furrows.  With  the  ne- 
cessity in  irrigated  fields  of  having  the  furrows  conform  to  the 
contour  of  the  land,  it  follows  that  a  cable-drawn  furrow  plow 
is  only  suitable  to  quite  level  fields.  Where  the  conditions  are 
right,  however,  it  gives  exeellent  service. 


Fig.  51.  A  ttree-bottom  Fowler  in  operation. 
Before  passing  from  the  subject  of  steam  plowing  it  would  be 
unfortunate  if  we  did  not  avail  ourselves  of  a  critical  study  of 
this  work  which  was  conducted  by  Mr,  "W.  L.  Paul,  an  expert 
of  the  John  Deere  Plow  Company,  who  visited  the  Islands  in 
1913. 

Mr.  Paul  has  furnished  the  writer  the  following  comments 
on  his  investigation: 

"We  find  a  desire  to  have  the  soil  plowed  deep,  but  we 
invariably  found  that  plowing  was  not  done  as  deep  as  the 
planter  desired,  or  as  deep  as  the  plowman  thought  he  was 
going.  We  took  many  measurements,  from  which  one  can 
form  his  own  conclusions. 
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"On  one  field  we  took  a  shovel  and  dug  trenches  across 
three  or  four  furrows  that  had  been  plowed  with  a  Fowler 
plow — did  this  at  three  different  spots  in  the  field.  A  dia- 
gram of  the  cross-section  of  these  furrows  is  shown  in  Fig. 
52  herewith. 
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Fig.  62.     Diagram  of  the  depth  of  plowing  of  a  Fowler 

three-bottom     steam  plow. 
21"  the  deepest  point,  found  once 
14"  the  shallowest  point 
16"  found  often 
17"  to  18"  average  depth  of  loose  soil. 

Allowing  an  expansion  of  20  to  25%  in  loose  soil  over  solid 
soil,  an  actual  depth  of  plowing  would  hardly  exceed  14 
inches. 


"At  another  place  we  asked  the  engineer  how  deep  he 
was  plowing.  ITe  said  sixteen  inches.  Here  we  took  a 
stick  of  wood  with  a  rather  small  end  and  long  gradual 
tai>er,  took  thirty-one  measurements  in  several  places  in  the 
field  by  pressing  the  stick  as  far  as  the  plowed  soil  would 
permit,  alternately  through  the  crown  of  the  furrow  and 
the  lowe&t  point  of  same  (as  indicated  in  Fig.  513),  and  the 
result  was  an  average  of  about  thirteen  inches  of  plowing. 
This  was  second  plowing,  it  previously  having  been  plowed 
in  the  other  direction. 
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Fig.   53.     Plowing  measurements. 

(Others  were  16,  15.  15,  14,  15,  12,  14,  11,  14,  13,  13,  18,  12). 

Thirty-one  of  these  will  average  15  Inches.  Allowing  for 
expansion  they  give  an  average  depth  of  plowing  of  about 
13  inches. 
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^'Perhaps  thev  could  have  plowed  deeper  in  any  of  these 
eases,  particularly  if  the  plow  would  not  congest  and  if  the 
bottoms  would  scour. 

"We  examined  the  plows  and  found  the  following  dimen- 
sions, which  naturally  show  how  deep  the  ordinary  Fowler 
plow  is  supposed  to  plow,  if  everything  works  correctly  and 
conditioii?  are  favorable.     (See  Fig.  54).  The  gauge  wheel 


Fig.  54.     Measurements  of  the  ordinary  three-bottom  Fowler  plow. 

A  can  be  adjusted  high  enough  to  permit  the  point  of 
share  to  go  16''  into  the  ground^  leaving  only  ten  to  twelve 
inches  clearance  to  the  frame,  which  is  perhaps  sufficient 
when  moulds  scour  and  there  is  no  trash  on  the  ground. 

**\Vhen  the  shares  strike  a  tough  spot,  the  plow  tends  to 
raise  from  its  work  because  of  the  coimter  balance  in  front, 
which,  perhaps,  accounts  for  the  various  depths  and  irregu- 
larly shaped  furrows  shown  in  the  several  figures. 


Fig.  55.    Position  of  plow  bottoms  in  service. 

"Figure  T).*)  .shows  another  feature  that  perhaps  is  not 
noticed  by  everyone,  because  the  work  is  covered  up.  Tho 
plows  are  set  23''  to  24"  apart,  and  the  shares  cut  only 
fourteen  inches,  leaving  nine  inches  undisturbed,  and  this 
may  also  account  for  the  irregular  bottoms  of  the  furrows. 

"The  large  single-bottom  Fowler,  of  course,  can  plow 
deeper  because  of  more  clearance,  and  different  adjust- 
ments, but  this  plow,  we  find,  is  seldom  used. 
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"We  also  measured  the  work  of  the  so-called  Jenifer, 
with  the  followinj^  n^.^nltE:  (See  Fig.  56).  Wp  saw  this 
machine  go  down  until  the  bottom  of  frame  cleared  the  soil 
12"  to  14",  thus  going  from  fifteen  to  seventeen  inches 
depth.  This  was  in  a  very  atony  field  and,  as  the  engi- 
neer said,  there  was  no  reason  why  they  could  not  go 
down  2S",  although  this  implement  merely  tears  op  the 
soil  and  does  not  turn  it. 


I 


Fig.  56.    The  knite  plow  (Fowler). 

"W'v  have  niHile  these  investigations  l>ocanse  wc  e: 
to  give  the  planter  as  good  serviee — perhaps  better, 
wilh  less  Cvpen^e — with  our  rtifiinc  disc  plow,  with  v 
we  really  have  not  yet  shown  our  maximum  depth. 
more  depth  is  desired,  we  feel  confident  it  must  be 
with  a  disc  plow,  and  I  feel  sure  luy  Company  will 
port  me  in  saying  we  shall  try  to  accommodate  the  8__ 
tion. 


Fig.  57.     Diagram  aUowing: 

1.  Soli    plowed    by    tbe    single    furrow    plow    shown    in 

Fig.  48. 

2.  UnsucceBsrul  attempt  to  shatter  soil  at  greater  depths 

by  means  of  agricultural  dynamite. 


"A  disc  must  scour  and  its  revolving  tends  to  turn  trash 
undei',  where  a  mould  board  plow  raises  it  first  imd  in- 
crease the  dangers  of  congestion. 
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"This  is  submitted  for  your  consideration,  and  1  also 
wish  to  offer  my  best  energies  towards  having  any  improve- 
ments made  that  will  give  your  planters  desired  results. 

"I  may  also  give  yoii  further  reports  as  the  ooeasinn 
arisos." 
The  writer  presents  these  opinions  for  one  reason — that  we 
may  have  the  benefit  of  all  vieivpoints.  Mr.  Paul  is  unques- 
tionably an  authority  on  plows  and  plowing.  Though  we  are 
not  yet  convinced  that  he  is  going  to  be  able  to  show  iis  how  to 
do  both  better  and  cheaper  plowing,  we  may  say  in  deference  to 
his  claims  that  we  arc  open  to  conviction. 


Fig.  59.     A  breaking  plow — beavy  home  built  type. 

On  submitting  the  question  to  the  Honolulu  agents  of  John 
Fowler  &  Co.,  they  have  favored  us  with  the  following: 

"Referring  first  to  Mr,  Paul's  comuients  on  the  culti- 
vation performed  bv  Fowler  implements  we  woidd  say 
that,  applying  to  certain  plantations,  they  may  be  con- 
sidered fairly  correct.  It  is  only  fair,  however,  to  point 
out  that  the  particular  pattern  of  Fowler  plow  to  which 
he  apparently  refers  has  several  varialions  in  design.  In 
the  three-furrow  plow  of  more  recent  development  the 
bottom  of  the  skife — or  standard — reaches  28  inches  be- 
low the  beam,  while  the  skid  wheel  may  be  adjusted  to 


65 

allow  of  no  more  thau  six  inclies  clearance  below  the  beam, 
thus  giving  a  possible  plowing  depth  of  22  inches.  Fur- 
thermore, these  plows  are  in  most  instances  equipped  witli 
22-inch  sharesj  which  fact  renders  Mr.  Paul's  statement, 
as  to  width  of  furrow  cut,  somewhat  open  to  correction, 
though  true  as  regards  the  older  pattern  of  this  type  of 
plow.  The  Fowler  plow  to  which  the  writer  refers  has 
demonstrated  that  it  will  work  with  a  minimum  of  con- 


Fig.  60.    Breaking  plow   ioeere). 

gestion,  and  in  conditions— such  as  those  caused  by  wet 
weather — which  would  preclude  any  other  type  of  plow 
from  working  at  all.  Plows  of  the  particular  design  re- 
ferred to  are  working  on  the  lands  of  the  Hawaiian  Sugar 
Co.,  McBryde  Sugar  Co.,  Makee  Sugar  Co.,  Lihue  Sugar 
Co.,  Hamakua  Mill  Co.,  and  Hawi  Mill  &  Plantation 
Co.,  while  the  same  type  of  plow  in  somewhat  modified 
form  is  working  on  other  plantations  in  this  Territory. 

"As  to  the  Deere  F.ngin*.  Disc  Plow,  the  design  of  this 
implement  has  certainly  overcome  one  disadvantage  which 
has  been  most  strikingly  in  evidence  in  all  other  disc  plows 
of  American  manufacture,  in  that  the  centers  of  the  cliscs 
are  set  well  below  the  beam,  thus  tending  to  decrease  con- 
gestion," 
We  have  taken  occasion  to  follow  Mr.  Paul's  plan  of  study- 
ing ihe  depth  of  plowing  and  wish  to  add  a  little  data  that  wo 
have  accnmnlated  to  that  which  he  has  furnished  us, 
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Forl_v-five  iiiojisrri'niciits  wcrt-  iiii»k'  in  a  lield  wliicli  Imd  beeu 
jtlowcd  ill  two  (Urwtioiis  liv  tlip  lliirty-six  inch  plow  sho'.vn  iii 
Fi^.  48.  TlicMc  variod  from  a  niiiiiiiium  of  13  inches  (found 
once)  lo  a  nia\iiiiiim  of  i*-J  inches  (found  twice).  A  general 
idea  of  the  variation  may  be  gained  from  the  other  nuasure- 
menls,  wbioh  were: 


Fig.  fil.    Sub-soil  plow. 

21  inches — found 6  times. 

20  "              "  7  " 

19  "              "  10  " 

IS  "              "  9  " 

17  ■''            "  4  " 

IG  "              '■  3  " 


Forty  of  the  soundings  were  nnide  at  5-foot  intervals,  while 
five  were  made  at  1-f  wt  intervals.  The  variation  was  approxi- 
mately the  same  in  either  case.  Perhaps  thp  20  to  2.'>  per  cont 
discount  sngfjested  liy  Jlr.  Paul  would  he  a  little  too  large  in 
this  instance  as  the  soil  had  re<-eived  one  or  two  rains  whieli 
must  have  exerted  a  compacting  influence. 
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In  a  field  that  had  been  plowed  in  one  direotiou  by  a  26-inch 
three  bottom  plow  an  average  of  15  inches  of  loose  soil  was 
found  in  twonty-two  moasurementa.  The  maximum  was  18 
inehes  (found  once)  while  the  minimum  was  but  eleven  inches 
(found  three  times). 

Compared  with  leas  efficient  work  this  is  splendid  plowing. 
Yet  it  is  unfortunate  that  in  some  of  the  wonderfully  deep 
soils  of  these  Islands  we  must  be  content  with  breaking  land  to 
no    crealer     deptlis     tlimi     these.       Tn     onr    heaviest    yields 


Fig.  62.    Reversing  plow  for  hillsides. 

we  have  seen  what  it  means  for  plant  roots  to  feed  to  these 
depths  as  compared  with  shallow  plowing.  We  thus  have  an 
index  to  what  it  will  mean  to  enlarge  our  reservoirs  of  fertility 
by  breaking  the  land  still  deeper,  if  we  can  only  find  a  way  to 
do  it. 

We  have  at  the  Waipio  snb-statinn  conducled  some  prelimin- 
ary work  in  attempting  to  do  this  with  agricultural  dynamite 
(a  20  to  2.1  per  cent  product),  of  which  so  much  has  recently 
appeared  in  the  agricultural  papers.  We  must  report,  however, 
that  thus  far  the  results  are  extremely  disappointing.  Instead 
of  shattering  the  soil  in  all  directions  with  the  massive  cracks 
that  are  frequently  pictured,  we  found  on  digging  deep  trenches 
that  the  discharge  which  occurred  at  three  foot  depths  had 
merely  compressed  the  soil,  forming  spheroidal  pockets  (Fig.  57) 
of  a  foot  to  IS  inches  in  diairietcr.  It  has  been  stated  that  success 
in  this  work  depends  entirely  on  the  moisture  content  of  the 
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soil — if  dry  the  soil  shatters,  if  wet  it  puddles.  We  are  there- 
fore waiting  to  repeat  our  exjieriiiieiits  under  more  favorable 
circumstances,  for  the  moisture  content  of  the  soil  was  rather 
high.  To  be  accurate,  the  soil  gave  24  per  cent  of  moisture  on 
the  dry  basis  at  the  depths  in  question. 

The  desirability  of  breaking  soils  to  greater  depths  is  further 
exemplified  by  the  illustrations  showing  the  root  systems  of 
cane  after  about  eiglit  mouths  growth.  The  fertility  of  the 
subsoil  is  shown  by  the  fact  that  the  roots  have  descended  be- 


yond tlie  depth  of  stirred  soil,  yet  the  greater  bulk  of  the  roots 
are  confining  their  activities  to  the  upper  fifteen  inches.  Put 
the  lower  soil  in  condition  for  this  great  mass  of  roots  to  pene- 
trate an<l  we  will  get  larger  yields  at  lower  cost — at  less  expense 
because  irrigation  water  will  Ire  held  longer  by  deeper  depths  of 
stirred  soil. 

In  T"ig,  58  it  is  clearly  scon  that  by  irrigating  at  tweuty-one- 
day  intervals  there  is  a  decided  tendency  for  the  cane  roots  to 
seek  a  lower  atratmii  than  with  seven-day  irrigation.  Ixosen 
the  soil  to  still  lower  depths  and  we  can  afford  larger  irriga- 
tions at  longer  intervals  because  we  have  provided  larger  soil 
reservoirs.  A  loose  soil  will  hold  more  water  than  a  compact 
one,  just  as  an  expanded  sponge  will  hold  more  than  a  com- 
pressed one. 


ANIMAL    PLOWS. 


Tliove  arc  a  nnniWr  of  plantations  where  animal 
plowing  still  holds  sway  in  breaking  land.  The  conditions  seem 
such  as  to  demand  it,  either  on  aceonnt  of  the  unevennesa  of 
the  land,  the  shallow  depth  of  the  soil,  or  an  inability  to  trans- 
port heavy  plowing  machinea  from  one  portion  of  the  plantation 
to  another  where  the  fields  are  separated  by  deep  gnlches.  Both 
ihe  disc  plow  and  the  mould  !n»ard  plow  have  their  advoi-ate*. 


Fig.  G4.    A  sulky  plow  (alogle  mouldboard). 

The  mould  Iwrnrd  plows  may  lie  divided  into  two  classes,  the 
ordinary  hand  plow  and  the  sulky  plow.  Hand  plows  for  break- 
ing land  vary  in  size  from  ten  to  sixteen  inches.  A  fourteen 
inch  plow  is  shown  in  Fig.  .I!),  and  illnstratcs  the  type  of  the 
heavy,  substantial,  plantation  built  implement,  which  claims 
durability  as  a  chief  asset.  Aside  from  these  plows  which  are 
eonstrncted  wholly  or  in  part  by  the  plantations,  one  finds  such 
slaudard  makes  as  the  OUrrr.  the  Deere,  the  Molhie.  and  the 
Avery  well  represented. 
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One  of  Ihe  more  iiuKleni  forms  is  shown  in  Fig,  60.  That 
there  are  other  eons i derations  than  durability  to  be  reckoned 
with  in  plows,  is  no  less  a  fact  because  some  of  them  are  bidden 
from  casual  observation.  Some  day  we  may  appreciate  this  to 
the  extent  of  making  our  choice  in  plows  upon  comparative  draft 
tests  and  the  like.  An  idea  may  be  gained  of  the  amount  of 
money  which  is  needlessly  expended  as  a  result  of  poor  effi- 
ciency in  plowing  when  we  are  reminded  that  the  annual  plow- 


Fig.  65.    Sulky  plow    (double  mouldboard  for  furrowing). 

ing  bill  of  the  United  States  may  be  estimated  at  approximately 
four  hundred  and  fifty  inilliotts  of  dollars,  and  that  "experi- 
ments go  to  show  that  very  common  causes  effect  increases  of 
from  5  to  40  per  cent  each  in  the  draft" 

Proceeding  further  into  a  discussion  of  this  topic  we  read 
from  Ellis  and  Rumely: 

"The  draft  data  given  in  the  following  paragraphs  are 
derived  from  numerous  sources,  the  chief  of  which  are  the 
plow  trials  conducted  by  the  New  York  Agricultural  So- 
ciety at  Utica  in  1867,  and  reported  by  Gould;  tests  in 
Missouri  and  Utah  two  decades  ago  by  Sanborn;  and  in 
Illinois  by  Ocock  in  1904.  The  earliest  of  these  trials 
were  the  meet  comprehensive,   but  since  then  great  im- 
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provement  has  been  made  in  both  plows  and  dynamometers, 
and  tests  of  modem  plows  might  not  bear  out  the  conclu- 
Bions  drawn  at  that  time.  It  is  extremely  nnforunate  that 
the  draft  tests  have  received  so  little  attention  from  agri- 
cultural engineers,  and  that  no  comprehensive  data  are 
available  as  to  variations  in  the  draft  of  all  modern  imple- 
ments. 


Fig.  67.    The  reversible  disc  {Benioia). 

"The  plow  rnns  lightest  when  so  adjusted  as  to  allow 
the  sole  of  the  landsidc  to  run  level  from  point  to  heel ;  to 
cause  the  line  of  draft  to  pass  at  the  same  time  straight 
from  the  coiitro  of  resistance  through  the  attachment  at  the 
end  of  the  beam  to  the  point  where  the  power  ia  applied, 
and  to  render  the  angle  of  draft — i.  e.,  the  angle  of  the  line 
of  draft  with  the  base  line— as  small  as  the  application  of 
power  will  allow.  The  location  of  the  centre  of  resistance 
varies  with  the  character  of  the  soil,  the  shape  of  the  plow, 
and  the  size  of  the  furrow.  If  power  could  be  applied  at 
the  centre  in  a  horizontal  line,  the  plow  would  move  with 
the  least  possible  draft  and  with  perfect  balance.     Obvi- 


oualj,  however,  it  must  be  applied  at  a  higher  point,  vary- 
ing with  the  power  used,  and  this  lifting  force  must  ho 
overcome  either  by  adjustment  o£  the  plow  or  by  pressure 
pn  the  plow  handles.  In  the  same  way,  if  power  is  applied 
to  the  right  or  left  of  the  centre,  an  opposed  force  innst 
be  exerted  to  make  the  plow  run  evenly. 


Fig.  68.    The  reversible  dlac  tn  operation. 

"The  true  line  of  draft  is  always  from  this  centre  to  the 
point  where  power  is  applied ;  hence  any  enforced  angle, 
such  as  caused  by  saving  of  the  traces,  holding  up  the 
traces  by  straps,  extending  or  shortening  the  beam,  and 
raising  or  lowering  the  draft  pin  in  the  clevis,  disturbs  the 
adjustment.  The  determination  of  the  centre  of  resistance 
is,  therefore,  important. 

"Since  the  greatest  effort  is  expended  by  the  shin  and 
share  in  severing  the  furrow  slice  from  the  land,  the  centre 
must  lie  much  nearer  the  landside  than  the  furrow  side  of 
the  plow.  Again,  since  the  resistance  of  the  cutting  edge 
of  the  share  and  the  sole  are  greater  than  that  of  the  mould 
board,  the  centre  must  lie  nearer  the  sole  than  to  the  crest 
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of  the  mould  board.  A  third  plane  of  resistance  stands  pcr- 
l>endicular,  at  right  angles  to  the  landaide.  Cross  sectioii-s 
of  the  plow  in  planes  at  different  distances  from  the  ])oint 
show  triangular  areas  increasing  more  rapidly  in  size  tluiii 
the  cntting  edges  do  in  length.  The  force  required  t" 
drive  the  plow  into  the  ground  does  not  increase  in  propor- 
tion to  the  area  cut,  and  the  centre  of  resistance  will  lii; 
in  a  smaller  cross  station  than  that  of  the  whole  furrow. 


Fig.  69.    Disc  plow  with  sub-Boll  attachment.    (Deere  Secretary). 

In  other  words,  it  will  lie  mnch  nearer  the  point  than  the 
heel  of  the  share,  lioiug  farllicr  forward  in  stiff  soils,  in 
sallow  plowing,  and  on  a  rather  blunt  plow  point,  than 
under  reverse  conditions.  The  centre  lies  at  the  intersec- 
tion of  the  three  planes,  and  its  ai)pr()xiraate  location 
must  be  known  in  order  to  adjust  the  point  of  hitch  so 
that  it  will  fall  naturally  within  the  line  of  draft.  On 
stubble  and  general  pur|»ose  plows  it  will  lie  close  to  the 
shin  and  to  the  juuetioii  of  .share  and  mould  board.     On 
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plows  designed  for  breaking  tough  sod  at  a  shallow  depth 
it  will  lie  closer  to  the  point  and  the  sole.  Professor  Gil- 
more,  of  Cornell  University,  states  that  it  is  located  behind 
the  mould  board  and  two  and  one  half  to  three  inches  from 
the  wall  and  sole  of  the  furrow.  No  other  condition  with- 
in the  control  of  the  operator  so  vitally  affects  the  resist- 
ance of  the  plow  as  the  one  just  reviewed,  and  success  de- 
mands careful  observance  of  the  principles  governing  the 
lines  of  draft  and  resistance. 


ng,  70.     Single  disc  (Deere). 

"According  to  Sanborn,  ihe  plow  shows  the  higlicst  draft 
when  set  to  cut  the  widest  furrow  of  which  it  is  normally 
capable.  Tins  is  probably  accounted  for  by  the  remark- 
able results  of  an  experiment  at  the  I'tica  trials  which 
showed  that  55  per  cent  of  the  draft  of  the  plow  was  caus- 
ed by  the  cutting  of  the  furrow  slice,  35  per  cent  by  the 
friction  of  the  soIr,  and  only  10  per  cent  by  the  work  of 
lifting  and  tiiminir  the  furrow.  The  average  draft  of  a 
number  of  plows  running  in  the  empty  furrow  was  168 
lbs.  The  whole  draft  was  47C  lbs.,  and  that  with  the 
mould  board  removed  434  lbs.  The  difforencc  between  168 
lbs.  and  434  lbs.  was  taken  to  be  the  draft  required  for 
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fiittiTig  the  furrow  bHcc.  Sanborn  states  later  that  42 
per  cent  of  the  draft  is  used  by  the  share  and  landside,  and 
hiuiIIht  writer  pnU  the  mould  l>oard  friction  at  only  i  per 
cent.  These  figiires  will  not  hold  for  all  conditions,  but 
even  an  approximate  idea  of  the  division  of  draft  explains 
many  frequently  observed  facte. 

"In  relation  to  the  size  of  furrow,  the  cutting  edge 
should  be  as  small  as  possible.  A  furrow  4x12  inches  has 
a  line  16  inches  loiij;  which  must  be  cut,  and  an  area  of 


Fig.  71.    A  dlac  bedder  (.Deere). 

cross  section  of  48  square  inches,  a  proportion  of  1  to  3, 
One  (1x14  Indies  lias  a  cut  surface  of  20  inches  and  an 
area  of  84  square  inches,  a  ratio  of  1  to  4.2.  The  larger 
the  furrow  cut,  therefore,  the  less  the  influence  of  the  cut- 
ting edges  on  each  square  inch  of  cross  section,  which  is 
the  commonly  accepted  imit  of  comparison.  Sanborn 
found  a  constant  decrease  in  draft  per  square  inch  as  the 
furrow  was  deepened  or  widened  up  to  the  normal  capa- 
city of  the  plow.  "When  made  to  cut  wider,  narrower, 
shallower,  or  deeper  than  the  adjustments  of  the  plow 
ordinarily  permitted  there  was  an  increase  in  draft  of  15 
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to  20  per  cent,  much  harder  work  for  the  plowman  and  a 
poorer  quality  of  plowing. 

"The  point  of  hitch  is  lower  on  a  plow  than  on  a  wagon. 
Freqiientiy  a  Htra|)  is  provi<|pd  at  the  saddle  or  nntip  to 
hold  lip  the  traces  while  the  team  stands.  When  the  same 
team  and  harness  are  used  on  the  plow  an  angle  is  formed 
at  the  trace.  Sanbom  found  the  downward  pull  at  this 
point  to  equal  50  lbs.,  or  one-third  the  pulling  power  of  an 
average  1200  to  1500  lb.  horse.  The  angle  was  not  as 
great  as  he  had  frequently  observed,  but  even  then  a  third 
of  the  animal's  power  was  being  used  to  gall  and  annoy  it 
instead  of  being  applied  to  the  work  in  hand." 


Fig.  72.    Quadruple  dtec  plow  (Deere). 

Without  qiioliiig  at  greater  length  from  the  draft  teste  as  Ai\- 
scribed  by  Messrs.  L.  W.  Ellis  and  Edward  A.  Rymely,  we 
wouhl  reoomnipnd  their  work  "The  Power  and  the  Plow"*  as 
a  valuable  asset  to  plantation  libraries. . 

Proceeding  lo  other  types,  a  subsoil  plow  such  as  is  illustrat- 
ed in  Fig.  61  is  also  found  to  be  occasionally  cmployetl  in  bieak- 
ing  land. 

The  hillside  ]>low  finds  a  place  on  some  plantations.  (Fig. 
62),     It  consists  of  a  single  mould  board  that  may  l)e  reversed 

*    Doubledsy,  Page  and  Co.,  1911. 
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from  one  side  to  the  other,  always  throwing  the  furrow  do\ni 
hill. 

Two  tyi>e8  of  furrow  plows  have  been  referred  to  under 
implements  used  in  hilling  cane.  A  third  and  much  lighter 
form  is  shown  in  Fig.  63.  It  is  customary  to  modify  factory- 
bu:lt  plows  of  this  nature  by  the  attached  wings  a?  shown  in 
order  to  meet  local  conditions. 

SUXKY  PLOWS, 

Sulky  plows,  consisting  of  the  ordinary  single  or  double 
mould  board  plows  mounted  on  wheels  are  illustrated  in  Figs. 
04  and  65.  This  type  has  several  enthusiastic  advocates  here 
in  the  islands.  The  merits  of  the  sulky  plow  are  fittingly 
bunnned  uj)  by  the  aforementioned  authors  in  saying: 

"The  friction  of  the  plow  sole,  estimated  at  35  per  cent" 
(of  the  total  draft)  "is  transferred  almost  entirely  to 
wheels  in  the  sulky  plow.  The  landside  is  made  much 
shorter,  and  the  heel  of  the  latter  is  usually  carried  a  frac- 
tion of  an  inch  from  both  the  l)ottom  and  side  of  the  fur- 
row by  means  of  a  staggered  wheel.  The  lifting  of  the 
soil  is  borne  by  the  larger  wheels  and  frame,  while  the  rela- 
tivelv  small  mould  board  friction  remains  constant.  San- 
lK)rn  shows  only  .19  lb.  per  inch,  or  3.3  per  cent,  differ- 
ence in  ilraft  in  favor  of  walking  over  sulky  plows,  aver- 
aging three  t^'sts  of  each,  but  observe^;  that  the  draft  of 
sulky  piovvs  increased  on  the  hills.  Considering  amount 
and  quality  of  w^ork,  the  difference  in  draft  is  negligible. 
In  fact,  an  unskilled  plo\vman  will  even  cause  greater  draft 
in  a  walking  plow  by  constantlv  disturbing  its  adjustmenr. 
The  influence  of  the  operator's  efforts  to  help  the  adjust- 
ment was  seen  in  one  trial  in  w^hich  different  plowmen  in 
successive  furrows  varied  the  draft  from  5.19  to  4.45  and 
5.61  lbs.  per  inch,  respectively,  while  another  on  several 
trials  ranged  from  5.25  lbs.  to  6.15  lbs.  A  small  truck  or 
gauge  wheel  under  the  beam  of  the  plow  should,  theoreti- 
cally, increase  the  draft  by  adding  friction  and  by  fre- 
que»ntly  disturbing  the  line  of  draft  as  it  encounters  ob- 
structions. Practically  it  is  shown  to  save  from  9  to  14 
per  cent  by  the  steadier  running  of  the  plow  when  it  and 
not  the  handles,  is  used  to  regulate  the  depth." 


19 

A  rather  iimisiial  <li'partiire  in  the  sulky  plow  is  shown  in 
Fij;;.  '!(i.  Here  tlif  weight  of  the  teamster  is  lM>rne  on  the  plow 
itself  instead  of  by  the  wheels,  and  the  draft  is  increased  ac- 
cordingly. 


Fig.  73.     Deep  tilling  mAchlne  iSpaulding). 

mso  PLOWS. 

A  still  further  modifieation  of  the  sulky  tyjte  is  found  in  the 
disc  plows  which  have  become  so  popular  in  Hawaii  and  else- 
where. Before  proceeding  to  the  different  forms  found  on  the 
plantations  it  is  well  to  quote  Davidson  of  the  Iowa  State  Col- 
lege who,  in  discussing  the  comparative  merits  of  disc  and  mould 
hoard  plows,  has  this  to  say : 

"In  soils  where  the  mould  board  plow  will  do  good  work 
there  is  nothinp;  to  be  gained  by  the  use  of  the  disc  plow. 
The  draft  is  often  heavier  for  the  amount  of  work  done 
and  the  plow  itself  is  more  clumsy  than  the  other  form. 
However,  in  sticky  soils  where  the  mould  board  will  not 
scour,  the  disc  plow  can  often  be  made  to  do  good  work. 
Again,  in  very  hard  ground,  where  it  is  impossible  to  plow 
with  the  mould  board  plow,  the  disc  will  work,  and  appar- 
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ently  with  much  less  draft.  The  manufacturers  of  both 
disc  and  mouldboard  plows  are  now  recommending  general- 
ly the  use  of  the  latter  for  soils  where  it  does  good  work/* 

According  to  Ellis  &  Rumely  **thi8  opinion  is  supported  by 
that  of  other  prominent  agricultural  engineers,  and  may  be  ac- 
cepted as  presenting  adequately  the  adaptation  of  the  two 
types." 

The  disc*  plows  most  conunouly  found  hereabouts  are    the 
lienicia  Reversible  (Figs.  67  and  68)  and  the  Deere  Secretary 
Disc  (Fig.  6J))  which  has  a  subsoil  plow^  in  addition  to  a  revols^- 
ing  disc.   Both  of  these  implements  are  very  popular,  some  plan- 
tations expressing  a  preference  for  one,  while  on  some  places  the 
other  is  in  distinct  favor.     Both  are  undoubtedly  very  efficient. 
On  account  of  its  reversible  nature,  the  Benicia  plow  is  very 
desirable  for  breaking  lands  on  hill  sides.     By  operating   it 
alternately  as  a  right  handed  and  left  handed  disc,  the  soil  is 
thrown  down  grade  all  the  while. 

A  single  disc  plow  of  the  non-reversible  type  is  also  used  ex- 
tensivelv.     It  is  illustrate<l  in  Fij?.  70. 

The  Deere  quadi^ple  disc  plow  (Fig.  72)  is  used  to  a  limited 
extent  in  the  Kohala  district.  Its  draft  is  too  heavy  for  pri- 
mary breaking,  but  for  re-plowing  and  turning  under  a  volun- 
teer growth  of  weeds  or  a  green  manuring  crop  of  legumes,  it 
does  satisfactory  work. 

A  di^sc  plow  for  heddimj  (Deere)  is  shown  in  Fig.  71.  This 
ini})lement  has  been  successfully  employed  on  one  or  two  planta- 
tions in  making  furrows  and  also  in  oflF-barring.  It  has  been 
found  to  be  a  verv  satisfactory  tool  to  use  in  throwincr  earth 
over  cane  trash  whicli  is  allowed  to  remain  between  the  rows. 

The  Spalding  deep  filling  machine  is  a  comparatively  new  ini- 
])lement.  (Figs.  7*>  and  74).  It  was  first  introduced  into  the 
Lslands  by  ^Ir.  C  II.  Wilcox,  formerly  manager  of  the  Koloa 
Sugar  Co.  Two  discs,  one  set  lower  than  the  other  and  mounted 
on  a  frame  of  sufficient  woijrht  to  hold  them  to  their  deep  plow- 
ing, is  the  secret  of  the  excellent  work  of  this  device,  Mr.  James 
Webster  of  Pepeekeo  reports  that  he  has  successfully  employcl 
the  Spalding  machine  for  turning  under  cane-trash.  This  alone 
should  more  than  warrant  the  increased  attention  that  is  being 
accorded  it. 
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'"It  is  no  arrangi-d,"  said  ilr,  Webster  in  referring  to  the 
Spaldiiij;  device  (1912  Hnmial  meeting)  "that  tho.  front 
disc  takes  a  slice  off  the  top,  turning  it  into  the  bottom  of 
the  jirevimis  fnrrow.     This  slice  may  be  of  any  depth  de- 


i  left.     ISpaulding 

airod.  The  second  disc  cornea  Hlong  about  fotir  inches  in- 
side the  track  of  the  other  and  can  also  l>e  set  at  any  depth, 
dcjteiKlciit  on  the  depth  of  slice  taken  by  the  first.  Coming 
along  as  it  does  on  the  space  cleared  o£  all  grass  and  slumps 
of  cane  by  the  first  disc,  it  effei'tively  covers  them  np  and 
turns  np  a  perfet-tly  clean  and  wcH-pnlverized  seed  ImhI. 
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"I  inteiul  to  UHc  it  to  turn  uihUt  trash  aiul  sot?  no  rea- 
sou  why  it  sliouUl  not  do  It.  We  diil  not  have  to  use  it  on 
trash  this  season,  hut  turned  un<ler  some  pretty  rank  ^ass. 

*'The  draft  is  alniut  the  same  as  the  secretary  di^c,  j»iving 
five  animals  all  the  pulling  they  want.  It  is  readily  ad- 
justeil  as  to  depth  and  width  of  furrow,  handles  for  retal- 
iating lH»ing  right  alongside  the  driver.  The  only  weak 
I)oint  I  disc*overe<l  alxnit  it  was  in  the  quality  of  the  discs, 
whieh  are  too  soft.'' 

In  discussing  the  returning  of  cane-trash  to  the  land  at  the 
IDlo  annual  mc^eting  Mr.  Wehster  re|H)rte<l  that: 

**The  weak  i)oint  heretofore  has  l)een  in  not  l»eing  able 
to  turn  in  the  trash,  in  round  plowing  for  planting.  This 
has  been  overcome  Avith  the  advent  of  the  Spaldltuj  deep 
tilling  plow.  This  season  I  plowe<l  under  a  small  area, 
IxMug  afraid  to  get  t<x>  much  area  lest  Ave  woidd  be  unable 
to  get  a  furrow  plow  through  it.  Fears  Avere  nee<lless  a? 
after  a  month  all  that  remained  of  the  trash  Avas  a  skele- 
ton. There  was  a  gtK>d  deal  of  grass  and  honohono  l)esides 
the  trash  A\'hich  was  never  heard  from  again." 

It  seems  to  the  Avriter  that  it  should  only  l)e  a  step  to  adopt 
the  principle  of  this  plow  to  a  still  larger/ still  heavier,  device 
suited  to  the  Fowler  steam-plowing  tackles. 

THE   RELATION   OF   THE    TRASH-MI  LCH    TO   IMPLEMENT   AVORK. 

The  matter  of  returning  trash  to  the  land  is  going  to  largely 
revolutionize  the  use  of  implements  in  the  HaAvaiian  Islands 
on<»e  it  Invomes  a  general  practice.*  ifany  of  the  implements 
mentioned  in  this  revicAV  Avill  be  forced   into  the  scrap-heap, 

while  others  A'et  untried  Avill  no  doubt  come  into  service. 

» 

Keturning  trash  makes  the  use  of  implements  to  a  large  mea- 
sure less  necessary.  The  loose,  friable,  tilth  of  soil  that  comes 
from  mixinrj  organic  matter  with  it,  is  a  far  more  effective,  a 
far  more  permanent  tilth  than  comes  from  loo^icning  soil  with 
impletnenls.  So  it  is  only  fair  to  say  that  the  implement  ques- 
tion becomes  somewhat  less  important  as  we  learn  that  Ave  can 
leave  trash  between  cane  roAvs  of  a  ratooned  fi(»ld.     On  the  other 

•     See  "Record"  June.  1914. 
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hand  it  will  be  found  as  we  go  into  this  work  that  there  are 
many  fine  points  and  many  differences  of  opinion  on  how  to 
handle  this  trash  to  best  advantage. 

Mr.  Webster's  present  systeni  as  described  by  Mr.  Larsen  is 
about  as  follows:  At  a  suitable  time  after  cutting,  the  cane 
fields  are  pali-palied,  that  is,  the  trash  is  hoed  away  from  the 
stools  into  the  middle  of  the  furrow.  After  this  the  cane  is 
off-barred  with  10-inch  to  14-inch  plows.  This  operation  throws 
some  soil  on  the  trash  but  does  not  cover  it  entirelv.  If  a  rev 
volving  coulter  is  attached  to  the  plow  it  gives  a  clean  cut  ahead 
of  the  plow,  and  makes  neater  work  of  it.  Subsequently,  when 
the  trash  has  become  brittle,  cultivators  mav  Ik*  run  over 
the  trash,  scattering  it  and  at  the  same  time  intennixing  a  cer- 
tain amount  of  soil.  As  tlie  trash  rots  small  plows  finish  the  task 
of  working  it  into  the  ^oil.  Afterwards  the  cane  can  be  hilled 
in  the  conventional  manner. 

Tf  we  turn  to  foreign  parts  for  ideas  in  combining  implement 
work  with  leaving  trash,  we  find  that  in  Cuba,  Earle  has  sug- 
gested leaving  alternate  rows  bare  of  trash  by  simply  placing 
the  trash  of  the  two  rows  into  one.  This  idea  loses  some  of 
its  simplicity  when  the  trash  amounts  to  a  heavy  blanket  of 
some  twenty  tons.  Xevertheless  we  must  quote  ilr.  Earle  for 
theTicnefit  of  those  who  object  to  the  trash  ])roposition  because 
it  interferes  with  ratoon  plowing. 

"As  soon  as  the  cane  is  cut''  he  suggests  "take  an  ordinary 
horse  rake  and  drive  so  as  to  cross  the  rows,  raking  the  trash 
from  one  middle  and  d\nn])ing  it  into  the  next  one.  This  quick- 
ly and  cheaply  clears  half  the  ground  so  that  it  can  be  plowcnl 
and  cultivated  and  provides  a  double  nndch  of  trash  for  the 
other  half,  which  makes  it  so  thick  and  heavy  that  ])ractically 
no  weeds  can  come  through  and  these  middles  will  require  no 
further  attention  for  the  season.  Now  ])low  the  cleared  middles 
with  a  two-horse  turning  plow,  throwinir  the  dirt  away  from  the 
cane.  Kun  the  last  furrow  as  close  to  the  cane  stubble  as  ]>ossi- 
ble."  Tie  further  recommends  that  these  unMdles  be  kept  well 
cidtivated  and  that  before  the  cane  closes  in  thev  should  be 
planted  to  legumes. 

Tt  remains  to  be  seen  whether  this  plan  will  work  in  Hawaii 
where  our  trash  is  so  much  heavier  than  it  is  in  Cuba,  but  we 
cannot  neglect  the  op])ort unity  of  finding  out. 


A  jitao  wfih-t  wc  Iiavc  tU^v(*l(i|(rt 
a  lii'avv  iiiHst"  of  trasli  on  irriKHietl 
I'f  Itiiiiilliii^  till'  trash  and  leaving  it. 
l.y  .Mr.  W.  I'.  N'a<iuiu  as»itir(^  the  ai 
imilcr  vorv  ilifficult  i-iivniiiataiioes.  I 
uiort!  cxjK'iixivt',  Iwm-e  leas  d^Hiralile. 
irHsli  Ix'tWM'ii  tbe  cane  ntwn,  and  r< 
[iliioc  witli  a  little  earth  as  occasion  < 
in  lUat  liy  oim^  iiioaiis  or  anothcT  tra 
tnrm-d  to  the  soil.  Wherf  thp  cane 
the  trsMb  lies  in  the  water  furrow*.  T 
that  this  iriipi'des  the  projo"ess  of  i 
proves  to  Ikt  the  case  the  bundles  fron 
into  one  aiul  the  water  eaii  be  ritii  ii 
e\'ent  wc  may  nse  inLpltnnents  to  adi 
plan.  Irrigating  in  alKTnate  rowa  i 
F.  F.  Italdwitt  at  tbe  lOlri  annnal  ine 
(il  of  making  a  little  water  go  a  long  ' 
rows  were  covered  with  a  heavy  iiioi 
trafh,  <hi('s  not  the  iTerv-other-row  ii 
becoming  something  more  than  an 
dronglif  i 

These  jioints  arc  nienlitHntl  for  twi 
that  WG  have  hardly  liegnn  the  stndv 
trash  question.  Second,  the  trash  p 
sarily  obviate  the  use  of  implements. 

If  there  is  anything  to  he  gained  \n 
in  onr  fnttire  Held  methods,  there  is  m 
about  it. 

I.N-    COXCHSIO 

The  writer  has  thus  atteiu|)te.I  an  x 
implements  as  hnvc  <'omo  under  his  oli 
is  consi'iouR  of  tlic  fact  that  he  has  on 
a  very  importiiut  subject.  Yet  it  is 
tion  may  lead  to  a  still  closer  intereha: 
vation  as  it  now  exists  in  <lifferont  pi 
if  by  nny  chance  this  should  prove  thf 
further  developuients,  these  notes  wi 
purpose  best. 
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INTRODUCTION 


The  object  of  this  Bulletin  is  to  place  before  those  who  control 
the  plantation  lands  of  Hawaii  certain  scientifically-gleaned  facts, 
a  few  of  which  it  is  hoped  may  be  of  value  to  them  in  the  man- 
agement of  their  acres.  No  industry  is  so  vital  to  the  prosperity 
of  these  Islands  as  agriculture,  and  nothing  is  so  vital  to  agri- 
culture as  the  soil.  Fertility,  or  the  power  of  a  soil  to  produce 
crops,  is  here  a  subject  worthy  of  study  and  experiment.  Mil- 
lions of  dollars  are  spent  each  year  in  fertilization.  To  produce 
maximum  crops  at  minimum  expense  and  with  an  increase  in- 
stead of  a  loss  in  productive  capacity!  This  is  the  object.  The 
necessity  for  more  knowledge  concerning  soils  and  soil  fertility 
is  apparent. 

The  Island  of  Hawaii  is  the  largest  of  the  group.  On  it  are 
located  twenty  of  the  forty-five  sugar-growing  plantations.  These 
produce  about  35%  of  the  entire  sugar  crop  of  the  Islands.  Ha- 
waii possesses  more  different  and  distinct  soil  types  than  appear 
on  any  of  the  other  islands.  Up  to  this  time,  however,  no  sys- 
tematic study  of  these  soils  has  been  attempted.  This  Bulletin 
deals  with  the  chemical  composition,  certain  of  the  physical  char- 
acteristics and  the  more  important  biological  changes  taking  place 
in  the  chief  plantation  soil  types  here  encountered. 

In  appreciation  of  the  fact  that  the  practical  application  of 
results  secured  in  the  laboratory  must  be  made  by  the  men  who 
control  the  land,  I  have  so  far  as  possible  endeavored  to  write 
into  the  discussions  the  practical  interpretations,  and  it  is  be- 
lieved that  certain  of  the  data  herein  presented  will  be  of  intrinsic 
value  to  the  plantations  concerned.  P.  S.  B. 


Cl. 
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SOIL  DISTRICTS  ON  THE  ISLAND  OF  HAWAIL 


A  Study  of  the  Principal  Plantation 

Soil  Types  as  Found  on  the 

Island  of  Hawaii. 


By  P.  S.  Burgess. 

CHAPTER  I. 

General. — The  Soil.     Its  Formation,  Physical,  Chemical 

AND  Biological  Properties. 

The  land  surface  of  the  earth  is  almost  everywhere  covered 
by  a  thin  layer  of  unconsolidated  material  which  we  term  soil. 
As  defined  by  Hilgard,  "a  soil  is  that  loose,  friable  material  in 
which  plants,  by  means  of  their  roots,  may  find  a  foothold  and 
nourishment,  as  well  as  other  conditions  necessary  for  their 
normal  growth." 

Soil  formation  is  a  subject  of  much  geological  and  agricultural 
importance.  Tersely  stated,  soils  are  formed  by  the  decay  and 
decomposition  of  rocks  and  plants.  This  conversion  of  rock  into 
soil  has  been  accomplished  as  a  result  of  various  agencies.  Some 
are  of  a  mechanical  or  physical  nature,  others  are  chemical.  The 
physical  processes  influencing  soil  formation  are:  changes  of 
temperature,  moving  water  and  ice,  wave  action,  winds,  and  plant 
and  animal  life.     Let  us  discuss  each  briefly. 

Changes  of  Temperature.  All  rocks  are  mineral  aggregates. 
Very  few  minerals  expand  and  contract  alike  if  subjected  to 
different  degrees  of  temperature.  This  is  due  to  chemical  com- 
position, to  structure  and  in  part  to  color.  Thus,  with  ever- 
changing  temperature,  minute  cracks  are  formed,  resulting  in  a 
final  disrupting  of  the  rock  mass.  This  is  especially  noticeable 
at  high  altitudes,  where  there  may  be  a  difference  of  over  a 
hundred  and  twenty-five  degrees  (F.)  during  each  twenty-four- 
hour  period.  Rocks  with  definite  lines  of  cleavage  (stratifica- 
tion planes)  are  more  susceptible  to  temperature  changes  than 
are  massive,  structureless  rocks. 

Moving  Water  and  Ice.  The  action  of  flowing  water  is  one  of 
the  most  potent  agencies  in  soil  formation. 

The  continual  dropping  of  rain  on  the  softer  and  more  weath- 
ered rocks  gradually  wears  them  away ;  and,  as  this  water,  laden 
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with  mineral  particles,  runs  to  lower  levels,  the  surfaces  of  the 
rocks  over  which  they  pass  are  in  turn  abraded.  All  of  this 
material  is  ground  finer  as  it  is  carried  on,  the  fineness  depending 
upon  the  original  size  of  the  mineral  grains  and  the  rate  of  the 
stream.  This  soil  material  is  sorted  and  finally  deposited,  form- 
ing the  great  areas  of  deep  alluvial  soils  found  throughout  the 
broad  valleys  of  the  world.  (The  enormous  erosive  power  of 
moving  water  is  convincingly  shown  by  the  stupendous  gorges  of 
the  Colorado  and  Columbia  rivers  in  the  western  United  States ; 
the  former  cut  to  a  depth  of  over  5000  feet  through  solid  granite 
and  basaltic  rock.) 

On  slopes  where  water  flows  only  during  heavy  rains  or  melt- 
ing snows,  this  same  erosive  effect  may  be  seen.  These  Islands 
afford  a  perfect  example  of  such  action.  Wave  action  along  the 
coasts  may  also  be  mentioned,  as  here  large  rocks  are  in  time 
ground  up  to  form  sand  which  later  may  become  soil.  Water 
freezing  in  the  crevices  of  rocks  as  well  as  glaciers  moving  over 
the  surface  of  the  earth  all  tend  to  fine,  to  wear  away,  and 
eventually  to  produce  mineral  powder  which  only  awaits  the  life 
of  the  plant  and  the  animal  to  convert  it  into  soil. 

Wind,  The  effects  of  wind  blowing  across  the  loose  surface 
of  the  earth  are  well  known.  The  fine,  sharp,  wind-borne,  min- 
eral particles  acting  as  tools,  wear  away  large  areas  of  exposed 
rock  surface.  This  is  especially  true  in  the  great  desert  areas 
where  violent  sandstorms  often  occur.  In  humid  regions  this 
form  of  disintegration  is  less  marked ;  nevertheless,  in  sandy  sec- 
tions it  often  performs  effective  work. 

Plant  and  Animal  Life.  In  the  soil-forming  processes  the 
work  performed  by  plants  and  animals  is  both  mechanical  and 
chemical.  The  roots  of  plants  growing  in  the  crevices  of  rocks 
pry  them  apart  and  loosen  them,  while  burrowing  animals  of  all 
kinds  continually  expose  fresh  rock  surfaces  to  other  weathering 
agencies.  Plants  materially  assist  in  making  soil  by  contributing 
their  dead  remains.  This  constructive  work  is  essential  to  soil 
formation,  for  it  is  by  this  means  that  organic  matter  and  humus 
are  supplied.  The  organic  acids,  including  carbonic,  formed  by 
bacteria  during  organic  decomposition,  tend  to  dissolve  certain 
of  the  more  soluble  minerals  and  further  assist  in  rock  disinte- 
gration. The  earthworm  and  other  low  forms  of  animal  life  take 
the  soil  particles  through  their  bodies,  mixing  them  with  their 
intestinal  juices,  thus  increasing  their  solubility  and  decreasing 
their  size.  The  earthworm,  on  account  of  its  habits  and  abun- 
dance, is  probably  the  most  important  of  all  soil- forming  animals. 

While  the  physical  agencies  above  mentioned  are  of  most  im- 
portance to  soil   formation  in  arid  and  semi-arid  sections,  the 
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chemical  processes  of  decomposition  are  probably  more  effective 
in  the  warmer,  humid  zones. 

The  more  prominent  chemical  soil- forming  agencies  are  the 
following:  solution,  hydration  and  oxidation,  carbonation,  and 
humification. 

Solution.  Pure  water  will  dissolve  minute  quantities  of  all 
minerals,  but  the  action  is  very  slow.  The  soil  moisture,  how- 
ever, is  not  pure  water,  but  a  weak  solution  of  several  organic 
acids  (chiefly  carbonic).  Experiments  by  Head  den  of  the  Colo- 
rado Agricultural  Experiment  Station  have  shown  that  carbon- 
ated water  will  dissolve  over  nine  times  as  much  mineral  matter 
from  soil  as  will  pure  water.  Carbonated  water  has  been  termed 
"the  universal  solvent"  by  Hilgard,  and  it  is  the  solvent  action  of 
this  weak  acid  solution  which  is  of  interest  to  us  in  a  study  of 
soil  formation.  The  soil  water  is  constantly  in  motion  and  the 
processes  of  solution  and  reprecipitation  are  at  all  times  taking 
place. 

Hydration  and  Oxidation,  The  chemical  addition  of  water  and 
the  element  oxygen  are  termed  hydration  and  oxidation  respec- 
tively. These  processes  are  constantly  taking  place  on  all  ex- 
posed moist  rock  surfaces.  Both  are  softening  processes.  Both 
also  tend  to  cause  expansion  and  increase  the  bulk.  Zones  in  de- 
caying rocks  which  have  undergone  these  chemical  changes  may 
be  readily  distinguished  and  are  much  more  easily  acted  upon  by 
other  weathering  agencies. 

Carbonation.  This  is  the  union  of  the  acid  radicle  COo  with 
certain  of  the  compounds  in  the  rock  to  form  the  more  soluble 
carbonate  and  bi-carbonate.  The  elements  carbonated  are  usually 
calcium,  magnesium,  sodium  and  potassium.  This  process  is  of 
prime  importance  in  the  breaking  down  and  solution  of  lime- 
stones. 

Humification  is  the  broad  term  used  to  denote  the  degredation 
and  decay  of  dead  plant  and  animal  remains,  present  in  all  soils, 
with  the  final  formation  of  those  dark-colored  organic  substances 
which  collectively  we  term  humus.  The  growth  and  multiplica- 
tion of  bacteria  are  here  essential.  While  this  process  is  chiefly 
concerned  with  the  organic  fraction  of  the  soil,  it  has  an  indirect 
bearing  upon  the  mineral  fraction  as  well,  for  many  organic  acids 
are  thus  formed  which  keep  the  soil  solution  charged,  and  this, 
in  turn,  acts  upon  the  mineral  grains. 

The  higher  the  temperature  and  humidity  (within  certain  rea- 
sonable limits)  the  greater  will  be  chemical  action  in  soil  for- 
mation. 

Soil-forming  Minerals,  While  the  several  processes  of  soil 
formation  have  a  decided  influence  in  determining  soil  character, 
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the  differences  in  the  rock  from  whence  soils  have  been  derived 

I  ^^ 

also  produce  profound  variations.     The  original  country  rock  is 
I  not  only  the  source  of  all  the  inorganic  portion  of  the  soil,  but  it 

also  greatly  influences  the  character  and  amount  of  the  organic 
!  fraction. 

I  Of  the  eighty-odd  elementary  substances    (termed    elements) 

known  to  science,  less  than  twenty  occur  in  any*  quantity  in  the 
earth's  crust.  Estimates  of  the  proportions  in  which  the  more 
abundant  elements  contribute  to  the  composition  of  the  earth's 
crust  (including  the  sea  and  atmosphere)  have  often  been  made 
by  geological  chemists.  The  latest  and  most  widely  accepted  of 
these,  by  F.  W.  Clarke  of  the  U.  S.  Geological  Survey,  appears 
in   the  table  which   follows: 

Relative  Proportions  of  the  More  Important  Elements  Forming 

the  Earth's  Crust.* 

Oxygen 49.98%  Carbon 0.21% 

Silicon 25.30  Chlorine 0.15 

I  Aluminum 7.26  Phosphorus 0.09 

Iron 5.08  Manganese 0.07 

Calcium 3.51  Sulphur 0.04 

I  Magnesium 2.50  Barium 0.03 

f  Sodium 2.28  Nitrogen 0.02 

Potassium 2.23  Fluorine 0.02 

[  Hydrogen 0.94  Chromium 0.01 

'  Titanium 0.30 

f 

,  As  will  be  seen.  98%  of  the  earth's  crust  is  composed  of  the 

first  eight"  elements,  50%  of  which  is  oxygen.  Approximately 
86%  of  this  oxygen  is  contained  in  the  solid  rock,  from  whence 
it  follows  that  practically  all  of  the  elements  exist  in  combination 
with  it  as  oxides.     All  of  the  complex  minerals  contain  oxygen 

^'  and  most  of  them  silica.     The  proportions  of  the  chief  soil-form- 

ing minerals  as  given  by  D'Orbigny  appear  below. 

The  first  column  presents  the  name  of  the  mineral ;  the  second, 
the  elements  which  are  chemically  combined  to  form  it,  and  the 
third,  its  estimated  percentage  in  the  solid  crust  of  the  earth. 

Mineralogical  Composition  of  the  Earth's  Crust. 

Mineral.  Elements  Present.  Percentage. 

Feldspars Silicon,     aluminum,    sodium,     oxygen, 

calcium,  potassium 48 

Quartz Silicon,  oxygen   35 


I 


!'  *  U.   S.   Geol.    Survey,   Bui.   491. 
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Micas Silicon^    hydrogen,     sodium,     oxygen, 

potassium,  aluminum 8 

Talc Silicon,  hydrogen,  oxygen,  magnesium  5 

Carbonates Carbon,  calcium,  oxygen,  magnesium.  1 

Hornblend,    augite    and 
olivine Oxygen,    magnesium,    aluminum,    sili- 
con,  calcium,   iron 1 

Rarer       minerals       and 
weathered  products. . .  All  other  elements 2 

100 

With  the  exception  of  coral  formations,  all  of  the  rocks  from 
which  soil  has  been  formed  on  these  Islands  have  been  of  direct 
volcanic  origin.  We  term  these  rocks  "basaltic  lavas,"  due  to  the 
great  preponderance  of  chemically  basic  elements  from  which 
they  have  been  constructed.  Clark,  after  studying  hundreds  of 
analyses  of  basaltic  lavas  from  different  parts  of  the  world,  finds 
their  average  mineralogical  composition  to  be  as  follows: 

Average  Mineralogical  Composition  of  the  Igneous  Rocks  of  the 

Earth's  Crust. 

Mineral.  Percentage. 

Feldspars    59.5 

Hornblend  and  pyroxine 16.8 

Quartz 12.0 

Biotite  mica 3.8 

Titanium  minerals   1.5 

Apatite 0.6 

94.2 

This  leaves  5.8%  to  be  divided  among  the  rarer  minerals. 

The  inorganic  portion  of  all  soils,  as  formed  from  the  weather- 
ing of  these  minerals,  is  made  up  chiefly  of  the  oxides  and  hy- 
drated  oxides  of  the  elements  silicon,  calcium,  magnesium,  iron, 
aluminum,  sodium  and  potassium,  with  smaller  amounts  of  phos- 
phorus, sulphur,  titanium  and  manganese  and  traces  of  many  of 
the  rarer  elements. 

With  this  brief  discussion  of  the  agencies  of  soil  formation  and 
the  minerals  from  whence  soils  are  derived,  we  will  proceed  with 
the  more  important  physical,  chemical  and  bacteriological  prop- 
erties of  arable  soils  as  they  exist  today. 

PHYSICAL    PROPERTIES    OF    SOILS. 

The  important  physical  characteristics  of  soils  are  color,  weight, 
texture  and  structure,  temperature,  moisture  relations  and  ab- 
sorptive properties. 
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Color,  A  great  variety  of  colors  are  displayed  by  soils  of  dif- 
ferent chemical  compositon.  They  vary  from  black  to  almost 
white  through  many  shades  of  brown,  red,  gray  and  yellow. 
These  colors  are  due  chiefly  to  organic  matter  (humus),  or  lack 
of  it,  and  to  different  compounds  of  iron.  The  dark-colored 
soils,  due  chiefly  to  much  humus  and  the  presence  of  ferric  iron, 
are,  as  a  rule,  rich  soils,  while  those  of  lighter  hue  are  apt  to  be 
less  productive.  Limestone  soils,  as  well  as  certain  light-colored 
soils  in  arid  regions,  may  be  considered  as  exceptions. 

Weight.  The  weight  of  a  soil  depends  primarily  upon  two 
factors — the  absolute  specific  gravity  of  the  individual  grains,  and 
the  volume  of  pore  space.  The  latter  factor  depends  chiefly  upon 
the  amount  of  organic  matter  present. 

The  average  specific  gravity  of  the  minerals  which  make  up 
the  great  bulk  of  soil  is  2.65.  The  'Volume  weight"  or  "apparent 
specific  gravity"  of  soils  is,  however,  much  less  than  this,  for  here 
we  are  comparing  the  weight  of  the  natural  soil  in  place  with  an 
equal  volume  of  water,  not  taking  into  consideration  the  pore 
space  (occupied  by  air),  which  composes  from  40  to  50%  of  the 
entire  soil  volume.  It  is  the  "apparent  specific  gravity"  and  not 
the  absolute  specific  gravity  of  a  soil  which  is  of  practical  con- 
sequence to  the  agriculturist,  for  it  is  upon  this  basis  that  all 
fertilizing  materials  and  other  soil  amendments  are  added.  For 
instance,  a  chemical  analysis  shows  that  a  given  soil  is  in  need  of 
lime  to  correct  existing  acidity,  and  the  correct  amount  of  lime 
to  apply  is  wanted  when  the  analysis  shows  that  0.35%  of  lime 
carbonate  is  required  to  correct  this  condition.  An  apparent  spe- 
cific gravity  determination  shows  that  the  soil  in  question  weighs 
3,000,000  pounds  per  acre-foot.  3,000,000  lbs.  X  .0035  =  10,500 
lbs.,  or  5^4  tons  is  the  amount  of  lime  carbonate  to  apply  to  cor- 
rect the  acidity  present  in  an  acre  of  this  land  to  a  depth  of  one 
foot. 

A  cubic  foot  of  water  weighs  62^  pounds;  a  similar  volume 
of  an  arable  soil  usually  weighs  more  except  in  the  case  of  peaty 
lands  or  soils  of  very  high  organic  matter  content.  The  follow- 
ing table  shows  the  apparent  specific  gravity,  the  weight  in  pounds 
per  cubic  foot,  and  the  weight  per  acre-foot  (an  acre  of  land  one 
foot  deep)  of  the  common  types  of  cultivated  soils,  as  found  in 
the  United  States: 
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Weights  of  Different  Soil  Types.* 

Apparent           Weight                  Weight 
specific  per  per  acre- 
gravity,        cu.  ft. — Lbs.  foot  Lbs. 

Pure  sand 1.76  110  4,800,000 

Medium  sandy  soil 1.54  96  4,200,000 

Fine  sandy  soil   1.48  93  4,080,000 

Sandy  loam 1.30  81  3,550,000 

Fine  sandy  loam 1.32  82.5  3,590,000 

Silt  loam 1.24  77.5  3,400,000 

Clay  loam .* 1.22  76  3,330,000 

Clay 1.17  72.6  3,180,000 

Heavy  pipe  clay 93  58  2,540,000 

Peat 64  40  1,742,400 

We  thus  see  that,  as  the  sizes  of  the  individual  soil  particles 
decrease,  the  absolute  weight  decreases  also.  In  practice,  soils  are 
often  spoken  of  as  "light"  and  "heavy,"  but  these  terms  refer, 
not  to  the  weight  of  the  soils,  but  to  their  "working"  qualities. 

Several  apparent  specific  gravity  determinations  have  been 
made  by  the  writer  on  certain  of  the  leading  soil  types  of  these 
Islands,  which  would  be  classed  as  fine  sandy  loam  and  silty  clay 
loam  soils.  The  results  have  always  been  lower  than  figures  ob- 
tained for  similar  soil  types  on  the  mainland.  In  other  words,  a 
clay  loam  here  on  the  Hawaiian  Islands  weighs  less  when  equal 
volumes  are  compared  than  does  a  similar  soil  type  in  the  States. 
Two  explanations  offer  themselves:  First,  the  plantation  soils 
of  these  Islands  are,  almost  without  exception,  higher  in  decom- 
posing organic  matter  than  are  similar  soil  types  on  the  mainland. 
Second,  while  the  average  soils  in  the  States  contain  from  80  to 
90%  of  silica  and  about  5%  oxide  of  iron,  the  Hawaiian  soils  as 
a  rule  contain  less  than  15%  of  silica  and  over  50%  of  iron  and 
aluminum  figured  as  the  oxide.  The  specific  gravity  of  quartz 
sand  is  high,  while  its  tendency  to  pack  together  is  great.  On  the 
other  hand,  the  oxides  of  iron  and  aluminum  and  their  attendant 
hydration  products,  as  they  exist  in  Hawaiian  soils,  are  porous 
and  fluffy  and  present  an  immense  internal  surface,  with  corre- 
spondingly greater  pore  space.  The  result  is  that  the  apparent 
specific  gravities  of  our  Hawaiian  plantation  soils  vary  from  0.97 
to  1.25,  with  an  average  of  about  1.1.  An  acre- foot  of  our  soil 
thus  weighs  very  close  to  3,000,000  pounds,  and  it  is  this  figure 
which  is  used  in  the  several  computations  which  appear  subse- 
quently in  this  Bulletin. 

Texture  and  Structure.  The  texture  of  a  soil  has  to  do  with 
the  sice  of  the  individual  soil  grains,  while  structure  is  a  term  used 


*  •  • 


Soils,"   by  Lyon  and  Fippin,  p.  96. 
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to  denote  the  arrangement  of  the  soil  particles  independently  of 
their  size. 

The  size  of  soil  particles  varies  from  that  of  coarse  gravel  and 
sand  down  to  that  of  very  fine  clay,  and  it  is  the  object  of  a 
mechanical  analysis  to  divide  a  soil  into  these  several  fractions. 
In  an  analysis  of  this  kind  seven  fractions  or  degrees  of  size  are 
ordinarily  made.     These  are: 

Gravel;  particles  greater  than  .05  inch  in  diameter. 

Coarse    sand;    particles  from  .05    to  .02      of  an  inch  in  diameter. 

Medium   sand;       *'             *'      .02    "   .01       "    "    "      '*  " 

Fine  sand;              *'  "      .01     "   .004     "    "    "      ''  " 

Very  fine  sand;     *'  '*      .004  "   .002     "    "     *'      "  " 

Silt;                           **  '*      .002  "    .0002  *'    "    "      ''  ** 
Clay;                        *'             **      .002  *'   and  less  in  diameter. 

The  relative  proportions  of  these  various-sized  particles,  together 
with  the  amounts  of  organic  matter  present,  determine  the  phys- 
ical properties  of  any  soil  and  form  the  basis  of  soil  classification, 
viz :  sands,  silty  loams,  clay  loams,  etc. 

The  number  of  particles  per  gram  varies  with  its  texture,  from 
about  3  billion  for  sandy  soils  to  over  20  billion  for  the  heavier 
clay  loams. 

Structure  is  governed  as  much  by  the  shape  of  the  particles  as 
by  their  size,  and  this  is  determined  more  or  less  by  the  minerals 
from  whence  these  particles  were  originally  derived.  Quartz 
particles  are  usually  irregularly  round  with  sharp  corners.  Mica 
grains  are  flat,  and  so  on.  Structure  has  an  important  bearing  on 
a  soil's  water-holding  capacity.     This  will  be  discussed  later. 

Temperature.  The  temperature  of  a  soil  regulates,  to  a  consid- 
erable extent,  the  rate  of  plant  growth,  and  is  dependent  upon  the 
following  factors:  heat  supply,  color  of  soil,  altitude,  air  cur- 
rents, water  content  of  soil,  and  the  amounts  of  organic  matter 
in  the  soil  which  are  actively  undergoing  decomposition. 

The  soil's  most  important  source  of  heat  is,  of  course,  the  sun, 
although  some  heat  is  derived  from  the  warm  interior  of  the  earth 
and  some  is  brought  to  the  earth  by  rain  water.  The  oxidation 
(decay)  or  slow  combustion  of  all  forms  of  organic  matter  in 
soils  liberates  heat  and  may  cause  a  measurable  rise  in  its  tem- 
perature. This  is  often  seen  in  the  "heating"  of  piles  of  manure 
or  straw. 

Dark-colored  soils  absorb  heat  more  rapidly  and  lose  it  less 
rapidly  than  do  light-colored  soils,  other  conditions  being  equal. 
For  this  reason  darker  soils  are  usually  earlier  and  warmer  in  the 
spring,  where  optimum  moisture  conditions  prevail,  although  the 
altitude,  the  slope  of  the  soil  toward  or  away  from  the  sun,  and 
air  currents  all  tend  to  modify  conditions. 


17 

The  dominating  factor  in  determining  soil  temperature,  how- 
ever, is  water.  This  is  due  to  the  high  specific  heat  of  water  and 
to  the  large  amount  of  heat  absorbed  from  a  soil  during  its  evap- 
oration. For  this  reason  "a  wet  soil  is  a  cold  soil."  I  will  not 
enlarge  upon  this  brief  statement.  This  should  furnish  sufficient 
argument  for  drainage  where  necessary  and  for  care  in  irri- 
gation. 

A  discussion  of  the  moisture  relations  of  soils  will  be  found  in 
Chapter  III. 

Absorption  Phenomena,  The  last  to  be  taken  up,  and  certainly 
the  least  understood,  of  the  several  physical  properties  of  soils  are 
their  powers  of  absorption.  When  a  weak  aqueous  solution  of 
any  soluble  salt  (except  nitrates)  is  poured  through  a  layer  of 
soil  and  afterwards  analyzed,  we  find  that  a  considerable  portion 
of  the  salt  originally  added  has  vanished.  The  same  also  holds 
for  most  gases,  as  well  as  for  certain  dyes  in  solution.  This 
phenomenon  is  termed  absorption  or  fixation,  and  is  due  chiefly 
to  surface  tension  exerted  by  the  soil's  colloidal  fraction.  The 
dissolved  salts  may  be  changed  chemically,  but  the  dyes  and  gases 
are  not. 

Just  a  few  words  concerning  the  properties  of  colloids.  A 
colloid  is  a  material  which,  when  dissolved  or  suspended  in  a 
very  finely-divided  form  in  a  solution  (usually  water),  will  not 
pass  through  certain  semi-permeable  membranes;  a  crystalline 
substance  (as  sodium  nitrate,  common  salt,  etc.),  on  the  other 
hand,  passes  readily  through  these  membranes.  At  present,  col- 
loidal solutions  are  considered  to  be  made  up  of  very  minute 
particles  in  suspension.  Occasionally  these  particles  are  far  too 
small  to  cause  the  solution  to  appear  turbid,  but  usually  a  slight 
opalescence  or  turbidity  exists,  as  when  true  clay  (which  is  a 
typical  colloid)  is  shaken  up  in  water.  These  tiny  particles  are 
known  to  carry  charges  of  electricity,  some  positive  charges, 
others  negative  charges.  Most  of  the  soil  colloids  carry  a  nega- 
tive charge. 

A  number  of  substances,  such  as  metallic  oxides,  are  precipi- 
tated from  a  solution  of  their  soluble  salts  as  amorphous  solids. 
These  solids  frequently  contain  so  much  of  the  solvent  from 
which  precipitation  takes  place  that  they  have  a  jelly-like  con- 
sistency, and  consequently  the  term  "gel"  has  been  applied  to 
them.  When  these  gels  are  formed  in  an  aqueous  solution  and 
the  liquid  held  in  combination  with  them  is  water,  they  are  termed 
"hydrogels."  By  proper  treatment  it  is  possible  to  cause  these 
gels  to  redistribute  or  suspend  themselves  throughout  the  liquid 
from  which  they  were  originally  precipitated.  Such  a  resuspen- 
sion  of  the  precipitate  in  many  cases  has  been  found  to  consist 
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of  minute  particles  of  the  gel.  Where  this  is  the  case  the  opal- 
escent liquid  thus  formed  is  termed  a  sol.  Where  the  solvent 
used  is  water,  such  a  suspension  is  termed  a  hydrosol. 

Colloidal  solutions  are  further  distinguished  from  true  solu- 
tions by  the  following  properties.  They  exert  little  or  no  effect 
on  the  freezing  point,  vapor  tension  and  vapor  pressure  of  the 
solution.  Heat  and  the  addition  of  electrolytes  usually  coagulate 
and  precipitate  the  colloids,  whereas,  unless  the  reagent  added 
is  a  true  precipitant,  this  is  not  the  case  in  a  true  solution. 

Now,  these  colloidal  particles,  when  suspended  in  a  solution, 
as  the  soil  water,  still  possess  these  peculiar  properties,  probably 
the  most  important  of  which  is  their  ability  to  withdraw  or 
"adsorb"  certain  soluble  salts  and  dyes  from  their  solutions.  These 
salts  or  dyes  are  simply  held  to  the  surface  of  the  colloidal  par- 
ticles, so  far  as  we  know,  by  the  force  of  surface  attraction  or 
surface  tension,  but  they  are  held  so  tenaciously  that  simply  shak- 
ing a  few  minutes  with  water  will  not  redissolve  or  dislodge 
them.  More  vigorous  treatment,  as  shaking  two  or  three  hours 
in  water,  or  using  weak  acids,  affect  their  re-solution.  The  plant 
roots  also  are  able  to  dislodge  and  use  certain  of  the  salts  so  held. 
In  all  probability  the  retention  of  many  of  the  plant  food  ele- 
ments in  the  soil  is  brought  about  to  no  small  degree  by  the  ab- 
sorptive power  of  certain  of  these  colloids. 

The  soil's  colloidal  fraction  is  chiefly  made  up  of  organic  col- 
loids, formed  during  the  decomposition  of  plant  and  animal  tis- 
sues, silicic  acid,  hydrated  silicates  or  zeolites  and  the  hydrated 
oxides  of  iron  and  aluminum  (especially  the  latter  in  Hawaiian 
soils*). 

CHEMICAL   PROPERTIES  OF  SOILS. 

Of  the  eighty-odd  elements,  above  recounted,  ten  and  only  ten 
are  absolutely  essential  to  the  growth  of  plants.  These  are  car- 
bon, hydrogen,  oxygen,  phosphorus,  potassium,  nitrogen,  sulphur, 
calcium,  magnesium  and  iron.  The  first  three  are  obtained  by 
the  plant  from  water  and  from  the  CO,  present  in  the  atmosphere. 
The  others  the  plant  secures  from  the  soil,  and  must  (with  the 
exception  of  nitrogen  in  the  case  of  legumes)  be  soluble  in  the 
soil  water  in  order  to  be  absorbed  by  the  roots. 

Other  elements  often  present  in  plant  tissues,  but  which  experi- 
ments have  shown  to  be  unnecessary  for  normal  growth,  are 
silicon,  sodium,  aluminum,  chlorine  and  manganese. 

The  abundant  elements  (carbon,  hydrogen  and  oxygen)  con- 
stitute over  95%  by  weight  of  all  plants.  Among  the  other  seven 
elements  are  found  the  deficiencies  which  limit  crop  production. 

*  See  Animal  Report  for  1915  of  the  Hawaii  Agr.  Exp.  Sta.,  pp.  36-37. 
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These  limiting  elements  are  usually  nitrogen,  phosphorus,  potas- 
sium and  occasionally  calcium  and  sulphur. 

In  soils  the  elements  exist  in  two  general  classes  of  compounds 
— the  mineral  or  inorganic  class,  and  the  humus  or  organic  class. 
As  has  been  previously  stated,  the  former  is  derived  directly  from 
the  rocks  which  originally  composed  the  earth's  solid  crust,  while 
the  latter  has  it?  origin  in  vegetable  and  animal  matter. 

When  rocks  are  converted  into  soil  the  mineral  elements  of 
plant  food  undergo  definite  chemical  changes  with  the  final  for- 
mation of  certain  stable  compounds.  The  following  table  shows 
the  important  elements  and  their  different  combinations  commonly 
present  in  arable  soils: 

Principal  Inorganic  Chemical  Compounds  in  Soils. 

Name  of  Element.  Forms  of  Combination. 

Calcium,  Magnesium Carbonate   and   bicarbonate,   sulfate,   sili- 
cate, phosphate,  nitrate. 

Sodium,  Potassium Carbonate,  sulfate,  silicate,  phosphate,  ni- 
trate, chloride. 

Iron,  Aluminum,  Manganese. .  .Oxide,   hydroxide,   hydrated   oxides,   phos- 
phate, silicate. 

The  availabilities  of  these  plant  food  mineral  elements  are  de- 
termined by  the  relative  percentages  of  their  more  soluble  com- 
pounds (nitrates,  chlorides,  sulfates  and  bicarbonates),  and  also 
by  the  amounts  of  soil  organic  matter  undergoing  active  decom- 
position. 

The  second,  or  organic,  class  of  soil  compounds  is  made  up  of 
decomposing  plant  and  animal  remains  (chiefly  carbon, 
hydrogen,  oxygen  and  nitrogen).  This,  when  so  far  de- 
cayed as  to  have  lost  its  original  structure,  we  term  humus. 
Humus  is  not  only  the  sole  source  of  natural  soil  nitrogen,  but  it 
contributes  to  a  soil's  productiveness  in  other  ways.  Its  pres- 
ence renders  the  soil  more  porous,  thus  enhancing  aeration,  as 
well  as  increasing  its  absorptive  capacity  for  water.  It  prevents 
the  hardening  and  baking  of  surface  soils  so  often  noted  in  lands 
poor  in  this  constituent.  From  the  bacterial  processes  of  decay 
and  oxidation  the  soil's  organic  matter  furnishes  carbon  dioxide 
and  other  substances  of  an  acid  nature  which,  dissolved  in  the 
soil  water,  render  more  available  the  mineral  elements  of  plant 
food ;  and  finally,  by  its  own  decomposition  and  oxidation,  humus 
supplies  nitrogen  in  its  most  available  form  (nitrates). 

Organic  matter,  from  which  humus  results,  is  best  supplied  to 
soils:   first,  by  green  manuring  and  crop  residues  (turning  under 
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green,  growing  crops,  or  other  vegetable  matter  as  straw,  stubble, 
trash,  etc. ;  second,  by  pasturing  animals  on  the  land ;  third,  by 
direct  applications  of  farm  manure. 

BIOLOGICAL    PROPERTIES   OF   SOILS. 

Rational  views  on  soil  fertility  have  greatly  changed  during 
the  past  half  century.  The  science  of  bacteriology  was  in  its 
infancy  thirty  years  ago,  and,  with  its  rapid  growth,  our  ideas  of 
agriculture  and  soil  science  have  broadened  and  expanded.  Until 
comparatively  recent  times  the  soil  has  been  regarded  as  being 
composed  of  dead  vegetable  and  mineral  matter,  the  changes  oc- 
curring therein,  as  decay  and  putrefaction,  being  ascribed  to 
purely  chemical  causes.  Modern  research  has  disproved  and  nul- 
lified many  of  these  older  conceptions.  We  now  know  that  all 
arable  soils  literally  teem  with  unseen  life  and  that  these  minute 
living  organisms  are  directly  responsible  for  organic  decomposi- 
tion. The  soil  is  not  simply  a  dead  mass  of  matter;  it  is  dy- 
namic. The  more  life  it  harbors,  the  more  fertile  it  becomes. 
This  micro-organic  life  consists  chiefly  of  bacteria,  molds,  yeasts, 
algae  and  protozoa.  From  the  standpoint  of  soil  fertility,  the 
most  important  of  these  are  the  several  species  of  beneficial  soil 
bacteria,  although  certain  of  the  molds  and  algae  are  probably  of 
cursory  service. 

Just  as  with  the  higher  plants,  which  are  more  familiar  to  us, 
there  are  certain  factors  that  aflfect  the  number  of  bacteria  in  a 
soil.  Among  the  more  important  of  these  may  be  mentioned 
moisture,  air,  organic  matter,  mineral  foods,  acidity  or  alka- 
linity, toxic  bodies  and  temperature.  As  a  rule  sandy  soils  con- 
tain the  fewest  micro-organisms,  because  of  deficiency  of  or- 
ganic matter  and  poor  water-holding  power.  However,  if  such 
soils  are  plowed  deeply  and  a  liberal  amount  of  green  material 
is  thoroughly  incorporated,  the  germ  content  may  be  increased 
considerably.  An  ordinary  sandy  soil  will  often  contain  less  than 
100,000  bacteria  per  gram  (one  twenty-eighth  of  an  ounce),  but 
after  some  attention  has  been  given  to  its  cultivation,  the  count 
may  increase  to  several  millions  per  gram. 

In  rich  loam  soils  the  numbers  range  from  1,000,000  to  several 
millions,  and  even  into  the  billions,  due  to  the  high  organic  con- 
tent which  favors  bacterial  growth. 

In  the  heavy,  compact  clay  soils,  such  as  typical  adobe,  the 
germ  count  is  considerably  less,  owing  both  to  poor  aeration  and 
to  absence  of  organic  matter. 

Under  artificial  conditions,  such  as  are  oflFered  in  a  greenhouse, 
where  the  moisture,  temperature,  and  food  supply  are  especially 
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favorable,  it  is  not  uncommon  to  find  numbers  ranging  around 
100,000,000  per  gram.  The  same  is  true  of  soil  from  sewage 
farms  and  of  soil  which  has  been  partially  sterilized  either  by 
disinfectants  or  heat  in  order  to  destroy  certain  animal  forms* 
that  have  been  shown  to  feed  upon  bacteria.  On  the  whole,  it 
may  be  said  that  micro-organisms  are  most  abundant  in  the  soils 
which  are  in  the  highest  state  of  cultivation,  and  as  a  rule  those 
soil  conditions  which  are  favorable  to  the  growth  of  the  higher 
plants  are  also  well  suited  to  the  development  of  bacteria. 

Bacteria  are  most  numerous  in  the  first  seven  to  eight  inches 
of  an  arable  soil ;  the  germicidal  action  of  the  sunshine  and  the 
drying  at  the  very  surface  reduce  the  numbers  there  somewhat. 
Below  sixteen  inches  the  count  falls  oflf  very  rapidly,  until  at 
three  feet,  in  rainfall  sections,  the  soil  is  nearly  sterile.  The  tex- 
ture of  the  soil,  however,  makes  considerable  diflference  to  the 
lower  limit,  since  with  a  more  open,  loose  structure,  organisms 
are  very  apt  to  find  their  way  to  the  lower  levels.  In  irrigated 
regions  we  know  that  bacteria  frequently  occur  at  depths  greater 
than  three  feet,  for  it  is  not  uncommon  to  find  nodules  on  alfalfa 
roots,  produced  by  bacteria,  eleven  or  twelve  feet  below  the  sur- 
face. Other  bacteria  have  been  found  as  deep  as  eight  or  ten 
feet  in  open  soils  where  the  drainage  is  good  and  where  alfalfa 
roots  have  penetrated  the  earth  to  considerable  depths,  t  They 
have  undoubtedly  been  carried  down  from  the  surface  with  the 
irrigating  water  and  have  followed  the  paths  of  the  alfalfa  roots 
to  the  lower  regions.  In  the  more  compact  soils  we  find  the 
lower  limit  of  microbial  activity  much  nearer  the  surface,  since 
the  conditions  for  aeration  are  poorer  and  the  filtering  action  of 
the  finely-divided  soil  tends  to  prevent  a  very  extensive  penetra- 
tion even  under  a  head  of  irrigating  water. 

All  science  is  based  upon  one  of  the  great  natural  laws  which 
we  term  "The  Indestructibility  of  Matter."  We  know  that  there 
is  as  much  of  each  and  every  chemical  element  on  our  earth 
today  as  existed  one  million  years  ago — no  more,  no  less  (radio- 
active elements  excepted),  but  not  all  of  these  elements  are  to- 
day in  the  same  forms  of  chemical  combination  which  they  were 
in  then,  nor,  for  that  matter,  as  was  the  case  an  hour  ago  Of 
the  eighty-odd  elements  only  the  ten  essential  plant  food  ele- 
ments are  subject  to  definite,  progressive  cycles  of  transforma- 
tion.    At  one  or  more  points  in  each  of  these  cycles  the  soil  bac- 


*  I  refer  more  especially  to  the  instructive  work  (extending  over  the  past  six 
years)  of  Russel  and  his  co-workers  in  England,  on  the  biological  effects  of  partial 
and  complete  sterilization  of  soils. 

t  Se:^  "The  Distribution  and  Activities  of  Bacteria  in  Soils  of  the  Arid  Region." 
by  C.  B.  Liproan,  University  of  Calif.,  pub.  in  Agr.  Sciences,  Vol.  I,  No.  1,  pp.  1-20. 
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teria  have  an  indispensable  part  to  play.  For  the  sake  of  con- 
venience in  study,  the  soil  bacteria  are  divided  into  six  great 
physiological  groups,  depending  upon  their  functions  within  the 
soil.     They  are  as  follows : 

1.  The  Cellulose-destroying  Bacteria. 

2.  The  Ammonifying  Bacteria. 

3.  The  Nitrifying  Bacteria. 

4.  The  Denitrifying  Bacteria. 

5.  The  Nitrogen-fixing  Bacteria. 

6.  The  Mineral-transforming  Bacteria. 

We  will  discuss  these  six  groups  separately. 

The  Cellulose-destroying  Bacteria.  These  bacteria  are  con- 
cerned with  the  carbon,  hydrogen  and  oxygen  locked  up  in  dead 
plant  tissue.  The  cell  walls  of  plants  are  made  up  almost  ex- 
clusively of  cellulose,  which  is  a  very  inert  substance.  It  is  very 
resistant  to  solution  or  hydrolysis.  For  this  reason  much  of 
manure  is  cellulose.  Enormous  quantities  of  carboti  are  locked 
up  each  year  by  the  growing  trees  and  plants,  and  were  there  no 
agents  to  liberate  it  as  CO.>  from  dead  organic  matter,  it  has  been 
calculated  that  all  of  the  COo  now  in  the  atmosphere  and  that  set 
free  normally  each  year  by  combustion  and  respiration  would  be 
used  up  by  growing  vegetation  within  less  than  70  years.  We 
know  that  animal  respiration  and  combustion  supplies  about  one- 
tenth  of  the  COn  in  the  air,  whereas  bacterial  decomposition  sup- 
plies the  other  nine-tenths. 

CARBO/>i  Cycle 
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Fig.  1. 
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Careful  experiments  have  shown  that  over  12,000  lbs.  of  COo 
are  given  off  each  year  from  an  acre  of  fertile  soil,  and  that  it  is  all 
brought  about  by  the  destruction  of  cellulose  in  that  soil  by  the 
aerobic  and  anaerobic  cellulose-destroying  bacteria.  These  organ- 
isms accomplish  this  feat  by  the  excretion  of  the  enzyme  cytase, 
which  has  the  power  of  breaking  up  the  complex  cellulose  mole- 
cule into  carbon  dioxide  and  water.  These  organisms  also  de- 
compose the  analogues  of  cellulose  as  the  starches,  sugars  and 
woody  fibers,  with  similar  results. 

I  will  now  explain  the  Carbon  Cycle  as  shown  in  Fig.  1. 

Let  us  start  with  the  carbon  in  combination  with  oxygen  as 
carbon  dioxide.  In  this  form  it  is  a  gas  and  makes  up  about 
.04%  by  volume  of  the  atmosphere.  Going  down  the  circle  to 
the  right  as  the  arrows  point  we  see  the  carbon  dioxide  (COo) 
taken  up  by  means  of  the  chlorophyll  within  the  leaves  of  plants 
and  changed  into  the  starches,  sugars  and  celluloses  of  the  living 
plant  tissues  (photosynthesis).  The  plant  dies.  The  cellulose- 
destroying  bacteria  now  come  into  play.  Due  to  their  activities 
the  dead  carbonaceous  matter  is  fermented,  the  COg  being  again 
returned  to  the  atmosphere.  Some  of  the  wood  is  burned,  thus 
returning  a  small  fraction  of  the  COo  to  the  atmosphere,  and 
some  of  the  vegetable  matter  is  eaten  by  animals,  which,  in  res- 
piration, give  off  COg ;  manure  is  produced  which  contains  car- 
bon compounds  which  are  decomposed  by  the  cellulose-destroying 
bacteria,  and  finally  the  animal  dies  and  the  starches  and  sugars 
within  its  body  are  eventually  destroyed  by  the  same  organisms. 
All  of  these  processes  are  going  on  every  moment  all  around  us 
day  and  night,  and  yet  such  an  exact  equilibrium  is  continuously 
maintained  that  the  amount  of  COg  in  our  atmosphere  varies  but 
the  smallest  fraction  of  one  per  cent. 

Bacteria  and  Soil  Nitrogen.  We  will  now  take  up  the  four 
great  families  of  bacteria  which  are  responsible  for  the  fortunes 
of  soil  nitrogen,  and  which  numerically  constitute  over  80%  of 
the  soil's  bacterial  flora.  There  are  over  70  million  pounds  of 
free  nitrogen  in  the  air  over  every  acre  of  land.  Nitrogen  is, 
however,  the  limiting  element  of  crop  production  in  most  agri- 
cultural soils.  There  are  several  reasons  for  this:  1st.  Organic 
matter  or  humus  is  the  chief  primary  source  of  this  important 
element,  and  it  is  often  lacking  in  sufficient  amounts.  2nd.  Ni- 
trates and  ammonia,  formed  from  this  organic  matter  by  bac- 
terial agencies,  are  the  only  two  forms  of  nitrogen  which  have 
been  actually  proven  to  be  of  direct  use  to  plants,  and  these  are 
readily  lost;  the  nitrates  by  leaching,  and  the  ammonia,  being  a 
gas  considerably  lighter  than  air,  by  volitization.  The  river  Rhine 
daily  discharges  220  tons  of  sodium  nitrate  into  the  ocean,  while 


24 

the  Nile  discharges  1,100  tons  per  day.  The  value  of  nitrogen 
lost  in  sewage  in  Great  Britain  each  year,  according  to  Sir  Wm. 
Crookes,  is  /6,000  pounds  sterling,  while  a  similar  figure  for  the 
United  States  is  over  8  million  dollars.  3rd.  Humus  is  often 
lost  in  arid  regions  by  a  purely  chemical  oxidation  or  slow 
burning.  4th.  In  poorly  aerated  or  water-logged  soils,  the  de- 
nitrifying bacteria  (which  will  be  mentioned  later)  liberate  much 
nitrogen  as  ammonia,  the  oxides  of  nitrogen,  and  as  free  nitrogen 
gas. 

Combined  nitrogen  costs  from  15  to  20  cents  per  pound  and  is 
often  added  to  the  soil  in  stable  manure,  green  manure,  dried 
blood,  tankage,  cotton  seed  meal,  etc.  The  approximate  pounds 
of  nitrogen  per  ton  of  each  are  given  below : 

Lbs.  per  Ton. 

Barnyard  manure    10-15 

Alfalfa  hay  (green)   15 

Red  Clover  (green)   10-12 

Dried  blood 260 

Tankage 160 

Cotton  seed  meal 100 

In  these  materials  the  nitrogen  is  entirely  in  the  form  of  pro- 
tein, which,  before  it  can  be  used  by  growing  plants,  must  be 
changed  to  ammonia  and  nitrate-nitrogen  by  the  soil's  bacteria. 

Ammonification  is  the  name  applied  to  the  first  step  in  this 
transformation,  and  may  be  defined  as  the  breaking  down  or  de- 
composition of  complex  nitrogenous  organic  substances,  usually 
protein,  by  the  soil's  bacteria  and  molds,  one  of  the  final  end 
products  of  which  is  ammonia  gas.  The  ammonifiers  are  the 
largest  single  family  of  soil  bacteria,  both  in  point  of  numbers 
and  also  of  species.  In  acid  soils  molds  are  in  large  part  respon- 
sible for  ammonia  production. 

The  ammonifiers,  similarly  to  the  cellulose  destroyers,  are  made 
up  of  two  classes — the  aerobic  or  decay  bacteria,  whose  final  end 
products  are  CO^,  water,  ammonia,  sulphates  and  carbonates  of 
the  minerals;  and  the  anaerobic,  or  putrefactive  bacteria,  which 
produce  ill-smelling  products  of  higher  molecular  weight,  as  indol, 
skatol,  amino  acids,  methane,  hydrogen  sulphide  and  some  am- 
monia. The  mineral  elements  here  usually  remain  as  complex 
salts  of  the  higher  organic  acids.  Both  processes  involve  am- 
monia production,  but  far  more  is  produced  from  a  given  amount 
of  nitrogenous  material  by  decay  than  by  putrefaction.  Both 
forms  of  ammonification  are  brought  about  by  the  peptonizing 
and  proteolitic  enzymes  which  these  bacteria  secrete,  and  are  thus 
true  fermentations.  As  soon  as  ammonia  is  produced  in  the  soil 
it  combines  with  the  COo  saturated  water  to  form  ammonium  car- 
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bonate.  \Ve  know  that  this  compound  is  an  available  source  of 
nitrogen  for  some  plants,  as  rice  and  possibly  other  grains,  but 
most  crops  are  unable  to  so  use  ammonia  nitrogen.  It  is  here 
that  the  nitrifiers  step  in  and  oxidize  the  nitrogen  in  the  ammo- 
nium carbonate  to  nitric  acid,  or  nitrates,  the  final  end  product, 
which  all  plants  can  use  directly  as  food. 

Nitrification  is  brought  about  in  two  distinct  stages  and  by  two 
entirely  diflferent  species  of  bacteria.  The  Nitrosomonas,  or  ni- 
trite bacteria,  oxidize  the  ammonium  carbonate  to  nitrous  acid 
and  nitrites,  but  can  go  no  further.  The  Nitrobacter  here  take  up 
the  work  and  complete  the  oxidation  to  nitric  acid  and  nitrates. 
Nitrification  may  properly  be  defined  as  that  process  by  which 
ammonium  carbonate  is  oxidized  to  nitrate  by  the  action  of  the 
nitrifying  bacteria.  This  is  distinctly  an  aerobic  process,  an  ex- 
•cess  of  oxygen  being  required. 

Denitrification  is  the  reverse  of  nitrification.  The  denitrifying 
bacteria  reduce  the  nitrate,  either  applied  to  the  land  as  such  or 
formed  in  situ,  to  ammonia,  the  lower  oxides  of  nitrogen,  or  in 
some  cases  to  free  nitrogen  gas.  In  other  words,  they  undo  the 
work  of  the  nitrifying  bacteria  and  are  inimical  to  a  soil's  fer- 
tility. It  is  indeed  fortunate  that  these  bacteria  are  chiefly  spe- 
cies which  prefer  anaerobic  conditions,  as  these  are  seldom  found 
except  in  poorly-aerated,  water-logged,  heavy  soils.  We  thus 
feel  confident  in  saying  that  large  losses  of  nitrate  nitrogen  do 
not  occur  through  denitrification  in  most  properly-tilled,  arable 
fields. 

We  now  come  to  the  two  large  groups  of  nitrogen-fixing  bac- 
teria. Up  to  this  time  we  have  discussed  the  transformation  of 
nitrogen  compounds  only,  and  we  have  seen  that  there  are  many 
losses  of  nitrogen  through  leaching,  volatilization  and  denitrifi- 
cation. *Were  there  no  processes  by  which  these  losses  of  com- 
bined nitrogen  might  be  made  good,  all  nitrogenous  compounds 
would  in  time  become  dissipated.  But  there  are  two  classes  of 
soil  bacteria  which  have  the  power  of  taking  up  the  gaseous  ni- 
trogen from  the  air  and  building  it  into  protein  within  their  own 
body  cells.  These  two  kinds  of  nitrogen-gathering  bacteria  are, 
first,  those  which  live  in  the  soil  itself  independently  of  the  pres- 
ence of  growing  plants;  and,  second,  the  bacteria  which  live  in 
the  nodules  on  the  roots  of  leguminous  plants.  Those  in  the 
first  class  are  known  as  non-symbiotic,  while  those  in  the  second 
class  are  termed  symbiotic  nitrogen-fixing  bacteria. 

There  are  two  species  of  these  free-living  nitrogen-fixers 
which  do  not  live  on  the  roots  of  legumes.  The  anaerobic  forms, 
whose  chief  member  is  Clos.  pasteurianum,  discovered  in  1893  by 
Winogradski,  live  principally  in  the  lower  strata  of  the  soil  (be- 
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tween  the  second  and  fifth  feet),  where  the  supply  of  oxygen  is 
very  limited.  It  i^  the  aerobic  forms,  the  Azotobacter  species,  liv- 
ing chiefly  in  the  surface  6  or  8  inches,  which  are  the  most  im- 
portant of  these  two  classes.  The  first  member  of  this  interest- 
ing group,  Azotobacter  chroococcum,  was  discovered  by  Beijer- 
inck  in  1901.  Since  then  five  or  six  other  varieties  have  been 
added.  These  aerobic  forms  fix  from  eight  to  twelve  times  as 
much  nitrogen  per  unit  of  carbohydrate  (which  they  use  as  food) 
as  do  the  anaerobic  species. 

There  are  several  soil  conditions  which  must  be  correct  for  any 
considerable  fixation  to  take  place.  An  abundance  of  decompos- 
ing organic  matter  is  essential,  for  carbon  is  the  source  of  energy 
for  this  class  of  bacteria.  Without  it  there  would  be  no  fixation. 
An  alkaline  reaction  of  the  soil,  thorough  aeration,  and  proper 
temperature  and  moisture  conditions  are  other  desirable  circum- 
stances. One  of  the  beneficial  effects  of  fallowing  land  is  due 
to  these  non-symbiotic  nitrogen-fixers.  The  following  table  shows 
in  pounds  per  acre  per  year,  the  amounts  of  nitrogen  which  simply 
fallowing  the  land  will  add.  The  first  two  figures  come  from  the 
Rothamsted  Experimental  F'ields  in  England : 

100  lbs.  N.  per  acre,  Broadbalk   Field. 
25  lbs.  N.  per  acre,  Geescroft  Field. 
175  lbs.  N.  per  acre,  Minnesota  Experiment  Station. 

The  symbiotic  nitrogen-fixing  bacteria  are  those  which  live  in 
the  nodules  found  on  the  roots  of  leguminous  plants.  These  bac- 
teria obtain  their  carbohydrate  food  from  the  growing  plant, 
while  the  plants  in  return  acquire  their  soluble  nitrogen  from 
the  bacteria.  These  have  previously  procured  this  nitrogen  from 
the  outside  soil  air,  and  transformed  it  into  a  soluble  protein  form 
available  to  the  growing  plant. 

It  has  been  known  for  centuries  that  growing  legumes  greatly 
improves  the  land.  Ancient  Roman  writings  tell  us  that  grow- 
ing plants  of  the  pod  family  greatly  helps  a  soil's  fertility  for 
other  crops.  But  until  Hellriegel  and  Wilfarth's  classical  experi- 
ments in  1888,  no  one  knew  just  why  this  was  true.  These  care- 
ful and  able  investigators  showed  beyond  a  doubt  that  legumes 
themselves  could  fix  no  free  atmosphere  nitrogen  without  the 
presence  of  nodules  on  their  roots,  and  that  these  nodules  re- 
sulted from  bacterial  activity  entirely  aside  from  the  plant  itself, 
and  further,  that  these  swellings  or  nodules  were  filled  with  liv- 
ing bacteria  which  alone  were  the  agents  of  nitrogen  fixation. 
Beijerinck,  a  year  later,  isolated  the  nodule  organism  in  pure  cul- 
ture and  named  it  B.  radicicola.  A  vast  amount  of  scientific  work 
has  been  done  along  this  line.     We  are  now  sure  of  eight  or  nine 
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strains  of  B.  radicicola,  all  of  which  are  dissimilar  and  each  able 
to  infect  and  produce  nodules  on  only  a  few  different  kinds  of 
legumes.  More  plainly  stated,  each  legume  has  its  own  special- 
ized strain  of  B,  radicicola,  which  alone  is  able  to  produce  nodules 
on  its  roots.  Practically  all  the  nodules  are  formed  within  the 
surface  five  or  six  inches.  Space  does  not  permit  of  the  discus- 
sion here  of  soil  inoculation. 

There  are  certain  conditions  of  the  soil  which  are  essential  to 
the  successful  growth  of  legume  cover  crops.  The  more  import- 
ant are:  1st.  A  neutral  or  slightly  alkaline  reaction  of  the  soil, 
for  the  bacteria  which  enter  the  roots  of  the  legumes,  produce 
nodules,  and  eventually  fix  the  free  nitrogen  gas,  cannot  live  and 
properly  function  in  an  acid  soil.  (Lupines  are  apparently  an  ex- 
ception, as  they  prefer  a  neutral  or  slightly  acid  soil.)  2nd.  The 
fixation  of  nitrogen  is  distinctly  an  aerobic  process.  The  soil 
must  thus  preferably  be  light  in  texture  and  well  drained. 
3rd.  The  proper  strain  of  B,  radicicola  must  be  present  to  thor- 
oughly inoculate  the  roots  of  the  legume  chosen  for  the  cover 
crop. 

The  nitrogen  in  green  legumes  is  more  available  than  that 
from  other  green  plants,  as  it  has  been  shown  that  the  ammoni- 
fying and  nitrifying  bacteria  are  more  easily  able  to  transform 
it  into  nitrates. 

The  amounts  of  nitrogen  fixed  per  acre  by  an  average  crop  of : 

Experiment    Station 
Per  Acre.  Where   Tested. 

Crimson   clover 205  lbs.         New  Jersey 

Crimson  clover 188     '  *  Delaware 

Velvet  beans 213     *  *  Alabama 

Velvet  beans 172     *  *  Louisiana 

Velvet  beans 141     ' '  Florida 

Alfalfa 160     "  Illinois      (last      cutting 

only  plowed  under) 

An  average  of  all  legumes  from  16  State  Experiment  Stations 
where  tests  have  been  made  gave  122  lbs.  of  nitrogen  added 
per  acre  per  crop. 

We  thus  see  that,  while  there  are  many  losses  of  nitrogen  from 
soils,  there  are  always  present  agents  which,  where  conditions  are 
favorable,  provide  for  the  maintenance  of  the  proper  balance  of 
this  most  important  of  all  the  plant  food  elements. 

I  will  now  explain  the  Nitrogen  Cycle  as  shown  in  Fig.  2.  Let 
us  start  with  the  nitrogen  in  the  protein  of  the  living  plant,  as 
shown  at  the  top  of  the  circle,  and  follow  the  arrows.  The  plant 
dies  and  is  either  taken  in  as  food  by  animals  or  returns  again  to 
the  soil.     If  the  former,  it  is  converted  into  animal  protein,  the 
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waste  being  given  off  as  urine  or  fecal  material.  The  latter  re- 
turns eventually  to  the  soil,  as  does  the  body  of  the  animal  itself 
when  death  overtakes  it.  The  first  bacterial  step  in  the  Nitrogen 
Cycle  is  the  breaking  down  (the  putrefaction  and  decay)  of  these 
dead  plant  and  animal  remains  in  the  soil,  which  we  term  Am- 
monification.  The  nitrifying  organisms  now  come  into  play  and 
change  the  ammonia  nitrogen,  which  the  ammonifying  organ- 
isms have  produced,  first  to  nitrites  and  finally  to  nitrates,  in 
which  form  the  nitrogen  can  be  taken  up  and  used  over  again  by 
the  higher  plants.  This  would  complete  the  cycle,  as  we  have 
now  returned  to  our  starting  point,  were  it  not  that,  due  chiefly 
to  dentrification,  large  amounts  of  nitrate  nitrogen  each  year  are 
reduced  to  the  free  nitrogen  gas  of  the  atmosphere,  which  is 
absolutely  worthless  as  a  source  of  nitrogen  for  the  higher 
plants.  Here  the  great  families  of  nitrogen-fixing  bacteria  step 
in  and,  by  working  as  above  explained,  restore  the  losses  and 
keep  in  proper  equilibrium  this  great  Nitrogen  Cycle. 

Relation  of  Bacteria  to  Minerals.     There  are  four  ways  in 
w^hich  acids  are  formed  in  soils: 

1.  The   cellulose-destroying  and   ammonifying  bacteria  pro- 
duce organic  acids. 

2.  The  nitrifying  bacteria  produce  nitric  acid. 

3.  The  CO2  saturated  water  gives  us  carbonic  acid. 

4.  The  sulphur  oxidizing  bacteria,  Beggiatoa  and  Thiothrix, 
produce  sulphuric  acid  from  the  hydrogen  sulphide  given  off  by 


29 

the  ammonifying  bacteria  upon  the  decomposition  of  the  protein 
molecule. 

These  acids  acting  on  the  potash,  lime,  magnesium  and  phos- 
phorus-bearing minerals  slowly  render  them  soluble  and  available 
to  the  growing  plants.  The  potassium  is  usually  changed  to  the 
carbonate,  nitrate,  or  sulphate;  the  lime  and  magnesium  to  the 
nitrate  and  bicarbonate  forms,  while  the  phosphorous  is  taken  up 
by  the  plant  as  the  acid  phosphate  of  one  of  the  bases. 

It  is  thought  that  the  iron  bacteria,  chiefly  the  Crenothrix  spe- 
cies, reduce  ferric  oxide  and  ferric  hydroxide,  and  that  this  ele- 
ment is  finally  taken  up  by  the  plant  as  ferrous  bicarbonate,  al- 
though some  authorities  argue  for  the  sulphate  and  phosphate 
forms. 

Each  of  the  mineral  plant  foods  thus  has  its  cycle  of  transfor- 
mations which,  while  much  simpler  than  that  of  nitrogen,  is  nev- 
ertheless as  important  and  must  not  be  overlooked. 

There  are  certain  general  soil  conditions  which  greatly  favor 
the  activities  of  all  of  the  beneficial  soil  bacteria,  most  important 
of  which  may  be  mentioned  the  following: 

1st.  The  reaction  of  the  soil  should  be  neutral  or  slightly  alka- 
line. It  has  been  shown  by  many  experiments  that  each  class  of 
the  helpful  soil  bacteria  is  greatly  enhanced  by  such  a  condition. 
This  may  be  accomplished  by  the  use  of  lime  in  some  form. 

2nd.  All  of  the  beneficial  bacteria  are  aerobic  and  demand  an 
excess  of  oxygen.  This  may  be  given  them  by  deep  plowing  and 
proper  cultivation.  To  this  may  be  added  artificial  drainage 
where  soils  are  low-lying,  heavy  and  water-logged. 

3rd.  Sufficient  organic  matter  should  be  at  hand  to  furnish 
the  proper  food  materials  and  sources  of  energy  for  this  invisible 
army. 

Such  improvements  in  methods  for  the  bacterial  examination 
of  soils  have  been  made  in  the  past  few  years  that  at  present  we 
may  study  with  a  surprising  degree  of  accuracy  the  relation  be- 
tween bacterial  activities  and  crops  produced.*  Thus  the  am- 
monifying power,  the  nitrifying  power  and  the  nitrogen-fixing 
power  of  soils  as  today  determined,  together  with  certain  chem- 
ical determinations,  give  us  a  very  good  indication  as  to  a  soil's 
relative  fertility. 

CHAPTER  II. 

THE  SOILS  OF  THE  ISLANDS  IN  GENERAL,  AND  THOSE  OF  HAWAII  IN 

PARTICULAR. 

The  Hawaiian  Islands  represent  the  higher  summits  of  a  chain 
of  mountains,  mainly  submarine,  which  extend  for  about  1800 

*  See   ••Bacterial  Activities  and  Crop  Production,"   by  P.  E.  Brown,  Iowa  Expt. 
Sta.   Research  Bui.  No.  25. 
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miles  in  a  general  northwesterly  direction.  Soundings  have  shown 
the  existence  of  many  other  mountains  in  addition  to  those  whose 
peaks  project  above  sea  level.  The  ocean  bottom  from  which 
these  mountains  rise  is  over  20,000  feet  below  the  surface.  All 
of  the  islands  of  this  archipelago  are  of  volcanic  origin;  the  rocks, 
therefore,  with  the  exception  of  coral  deposits,  are  basaltic  lavas. 
A  discussion  of  Hawaiian  rocks  will  not  be  attempted,  as  this  in- 
formation may  readily  be  obtained  from  standard  works  on  geol- 
ogy. Suffice  it  to  say  that  the  more  important  minerals  which 
go  to  make  up  the  lavas  are  plagioclase,  augite,  olivine  and  mag- 
netite.! Potash  feldspars  occur  in  considerable  quantity  as  ele- 
ments in  the  plagioclase,  as  do  albite,  oligoclase  and  labradorite. 
Free  silica  is  present  in  very  few  Hawaiian  lavas,  but  many  are 
similar  to  the  quartz  basalts  of  other  regions.  Chemically,  Ha- 
waiian rocks  differ  very  little  from  the  basalts  of  other  volcanic 
regions  on  the  mainland.  The  following  averages  of  ultimate 
analyses  made  at  this  Station  by  Maxwell  in  1898  prove  this 
point.  Typical  samples  of  lava  rock  were  obtained  from  each  of 
the  islands  of  Hawaii,  Maui,  Kauai  and  Oahu  and  their  average 
composition  compared  with  analyses  of  American  basalts  as  made 
by  Clarke  of  the  U.  S.  Geological  Survey. 

Average  Composition  of  Hawaiian  and  American  Basaltic 

Lavas.§ 

SiOg       AI2O3     FegOa      CaO      MgO     Na20     KjO 

Hawaiian    basalts 47.90       18.23       13.36       8.99       6.05       2.20       1.50 

American  '*      ...49.15       15.66         9.50       8.29       7.90       2.84       1.90 

This  average  composition  for  Hawaiian  basalts  is  very  close  to 
that  given  by  Cross  of  the  U.  S.  Geological  Survey  in  his  bulle- 
tin, **Lavas  of  Hawaii  and  Their  Relations." 

Being  of  very  similar  original  petrological  composition,  one 
might  suppose  that  the  soils  of  the  various  islands  would  be  more 
or  less  identical.  This,  however,  is  not  the  case.  The  differ- 
ences are  due  directly  to  two  factors — variance  in  geological  age, 
and  rainfall. 

Most  geologists  agree  that  the  Hawaiian  Islands  were  formed 
more  or  less  successively  from  the  northwest  to  the  southeast. 
The  Leeward  Islands  and  Kauai  are  thus  much  older,  geologically 
speaking,  than  are  Maui  and  Hawaii.  It  is  certainly  a  fact  that 
erosion  has  proceeded  further  on  Kauai  and  on  Oahu  than  on  the 
Island  of  Hawaii,  which  is  thought  to  be  the  most  recent. 


t  See  "Lavns  of  Hawaii  and  Their  Relations,"  by  W.  Cross,  Professional  Paper 
88.   U.   S.  Geo.  Survey. 

5  See  "Lavas  and  Soils  of  the  Hawaiian  Islands,"  by  W^.  Maxwell,  pub.  by 
H.  S.  P.  A.  Expt.  Sta.,  Honolulu,  T.  H.   (1898). 
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The  rainfall  varies  between  wide  extremes  depending  upon 
location.  In  certain  areas  arid  conditions  prevail  while  over  a 
large  part  of  the  uplands  and  on  windward  Hawaii  and  Maui 
the  rainfall  is  excessive  (between  200  and  300  inches  per  annum 
in  certain  districts). 

The  resulting  soils  of  the  Islands  are  peculiar  soils.  The  fol- 
lowing table,  compiled  from  a  variety  of  authentic  sources  com- 
pares the  average  chemical  composition  of  mainland  soils  with 
those  of  these  Islands.  The  figures  given  for  American  soils 
represent  averaged  of  1547  complete  analyses,  while  those  given 
for  Hawaiian  soils  are  average  of  515  analyses,  made  both  in 
the  laboratories  of  the  Hawaiian  Sugar  Planters'  Experiment 
Station  and  in  those  of  the  Hawaiian  Federal  Experiment  Sta- 
tion. The  analyses  were  made  by  the  strong  acid  digestion,  or 
"Agricultural  Method." 

Comparative  Percentage  Composition  of  American  and 

Hawaiian  Soils. 
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The  lime-magnesia  ratio  in  Hawaiian  soils  is  often  abnormal,  in 
some  cases  the  percentage  of  magnesia  being  three  to  four  times 
that  of  lime.  High  percentages  of  iron  and  aluminum  oxides  are 
the  rule.  In  a  majority  of  the  soils  these  combined  oxides  con- 
stitute approximately  one-half  of  the  soil  mass,  while  the  total 
silica  content  is  usually  below  25%.  As  will  also  be  observed,  the 
amounts  of  soluble  silica  in  Hawaiian  soils  are  about  three  times 
those  for  American  soils.  In  many  cases  very  nearly  all  of  the 
silica  is  present  in  soluble  forms.  In  certain  localities  of  poor 
drainage  small  amounts  of  ferrous  iron  exist. 

Hawaiian  soils  are  usually  heavy  in  character,  often  contain- 
ing from  35  to  50  percent  of  particles  fine  enough  to  be  classed  as 
clay.  This  fine  material  is  not,  however,  true  clay  (hydrated 
aluminum  silicate)  but  is  chiefly  hydrated  oxide  of  iron  and  alu- 
minum together  with  double  silicates  of  these  metals.  Another 
unique  property  of  these  soils  is  their  unusually  high  content  of 
certain  of  the  rarer  elements,  notably  manganese  and  titanium. 
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In  certain  high  manganese  areas  on  Oahu  and  Kauai  from  4  to 
9%  of  the  oxide  (Mn^O^)  are  found  while  the  average  for  all 
islands  is  0.50%.  Of  titanium,  the  general  average  for  the 
Islands  is  2.93%.  To  quote  from  Kelley,*  **The  soils  of  the  Ku- 
nia  section  (Oahu)  are  unusually  high  in  titanium,  containing  in 
some  instances  as  much  as  35%  titanium  dioxid  (TiO,),  but  the 
titanium  is  relatively  insoluble,  and  consequently  the  usual  agri- 
cultural analysis  fails  to  show  the  total  amounts  present."  This 
element  is  apparently  inert  toward  plant  growth. 

The  table  is  self  explanatory  as  regards  the  comparative 
amounts  of  the  several  plant  food  elements.  It  may  be  stated, 
however,  that,  although  phosphoric  acid  (P0O5)  is  here  abundant, 
most  of  it  occurs  as  the  comparatively  insoluble  ferric  and  alu- 
minic  phosphates  which  are  in  large  part  unavailable,**  render- 
ing phosphate  fertilization  advisable.  The  nitrogen,  compared 
with  mainland  soils,  is  high,  but,  due  chiefly  to  poor  aeration  com- 
bined with  excessive  rainfall  in  certain  localities  and  to  soil  acid- 
ity, its  availability  is  low. 

Notwithstanding  the  basic  character  of  Hawaiian  soils,  large 
areas  of  very  acid  soils  are  found  in  the  sections  of  heavy  rain- 
fall. Ten  to  fifteen  tons  of  lime  carbonate  per  acre- foot  are  often 
indicated  by  the  Veitch  Method.  On  the  other  hand,  near  sea 
level,  considerable  areas  of  coral  lands  have  been  formed  which 
contain  from  60  to  90%  of  lime  carbonate. 

Biologically  speaking,  the  soils  of  the  Hawaiian  Islands  differ 
to  a  surprising  degree.  In  certain  soil  areas  ammonification, 
nitrification  and  nitrogen  fixation  are  very  low  (the  last  two 
practically  nil),  while  in  other  well  cultivated  and  well  fertilized 
fields  the  absolute  reverse  is  true.  While  no  hard  and  fast  rule 
can  be  laid  down,  it  may  be  generally  stated  that,  other  conditions 
being  equal,  bacterial  efficiency  gradually  decreases  as  altitude 
increases.  This  is  due  in  all  probability  to  lower  temperature 
and  to  excessive  moisture  conditions. 

With  this  very  brief  discussion  of  the  soils  of  the  entire  Group, 
let  us  take  up,  in  some  detail,  the  soil  types  found  on  the  Island 
of  Hawaii. t 

Hawaii  is  the  largest  and  the  most  recent  of  the  entire  archa- 
peligo.  It  has  the  highest  mountains,  and  by  far  the  greatest 
changes  in  climate,  including  rainfall.  This  latter  varies  from  a 
few  inches  in  the  South  Kona  and  Kau  districts  to  nearly  300 
inches  (per  annum)  in  the  Hilo  section,  and  mauka.tt 

*  "The  Soils  of  the  Hawaiian  Islands/'  Bui.  40.  Hawaii  \gr.  Exp.  Sta. 

**  See   "Phosphate  Fertilizers  for  Hawaiian  Soils,"  by  W.  T.  McGeorge,  Hawaii 
(U.    S  )    Ajfr.    Exp.    Sta.   Bui.    No.   41. 

t  It  should  be  understood  at  the  outset  that  the  studies  reported  in  this  Bulletin 
are  concerned  entirely  with  the  soils  of  those  sections  ffrowinf?  sugar  cane. 

tt  Uplands;   about  600  feet   al>ove  sea  level  and  higher. 
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There  are  four  distinct  soil  districts  on  the  Island  of  Hawaii 
within  each  of  which  the  soils  are  quite  similar  in  character,  but 
which  differ  considerably,  the  one  from  the  other.  (See  frontis- 
piece map.)  These  are  the  Hilo-Puna  District,  the  Hilo  and 
Hamakua  (^oast  District,  the  Kohala  District  and  the  Kau  Dis- 
trict. The  chief  primary  cause  for  the  soil  differences  noted  is 
doubtless  to  be  found  in  the  rainfall  which  is  excessive  in  the 
first  section  indicated,  less  in  the  second  and  third,  and  least  m 
the  fourth.  Physically,  the  soils  range  from  almost  a  vegetable 
mold  in  the  mauka  fields  of  the  Olaa  Sugar  Company  and  the 
Waiakea  Mill  Company,  through  the  fine  sandy  and  silty  loams 
as  found  at  Pahala  (Kau)  to  the  heavier  clay  and  silty  clay 
loams  as  encountered  along  the  Hamakua  and  Hilo  Coasts  and  in 
Kohala.  Of  course  these  soils  gradually  merge  the  one  into  the 
other,  and,  within  these  several  districts,  other  than  the  pre- 
dominating types  often  exist,  yet  the  general  divisions  above 
made  hold  for  a  great  majority  of  th  soils  therein  encountered. 
The  average  depth  of  the  mauka  surface  soils  (down  to  a 
decided  change  in  color)  is  from  4  to  6  inches,  while  those  near 
the  sea  usually  run  to  about  twice  this  depth.  The  surface  soils 
are  always  darker  in  color  than  the  corresponding  sub-soils  and 
usually  contain  several  times  as  much  organic  matter. 

Practically  all  of  the  plantations  on  Hawaii  border  the  sea  at 
their  lower  level  and  run  back  and  upward  toward  the  high  in- 
terior of  the  Island  to  altitudes  which  vary  from  1100  to  2500 
feet  (in  Kau).  Above  these  elevations  the  constant  rain  and  cold 
weather  militate  against  the  profitable  production  of  sugar  cane. 
In  collecting  the  soil  samples  for  this  work  it  has  been  the  writ- 
er's object  to  secure  representative  samples  from  the  several  ele- 
vations on  each  plantation  visited.  He  has,  in  each  case,  been 
advised  and  assisted  in  this  by  either  the  plantation  manager  or 
by  one  of  his  overseers.  Samples  have  usually  been  taken  from 
the  highest  fields  on  the  plantation,  from  the  middle  sections, 
and  from  the  lower  lands  bordering  the  sea. 

In  collecting  these  samples,  the  surface  inch  of  soil  was  remov- 
ed and  the  surface  sample  drawn  with  a  clean  trowel,  placed  in 
its  properly  labeled,  heavy  canvass  bag  (which  had  been  pre- 
viously sterilized),  and  immediately  closed.  A  hole  about  18 
to  20  inches  square  was  then  dug  deep  enough  to  penetrate  the 
sub-soil  and  a  sample  taken  from  the  bottom  of  this  hole,  care 
being  used  not  to  contaminate  this  sub-soil  sample  with  soil  from 
above.  About  eight  pounds  of  soil  were  taken  in  each  case.  In 
labeling,  the  letters  *'A"  and  *'B'*  refer  to  surface  and  sub-soil 
samples,  while  the  numbers  denote  locations.  Thus  soil  number 
"4A"  refers  to  the  sample  taken  at  location  "4"  and  is  a  surface 
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soil.  In  some  cases  where  solid  rock  was  encountered  or  where, 
for  other  reasons,  it  was  deemed  unnecessary  to  take  a  sub-soil 
sample  this  was  omitted.  The  table  which  follows  shows  the  dif- 
ferent plantations,  within  the  four  districts,  from  whence  sam- 
ples were  drawn.  The  first  column  gives  the  laboratory  number 
of  the  sample,  which  throughout  this  bulletin  will  be  used  to 
designate  it  alone,  while  the  second  column  shows  the  plantation. 

TABLE   I. 

Location  of  Soil   Samples. 
Hilo-Puna  District. 

r'^^'^^r-  Plantation. 

Laboratory 

1 A — IB Waiakea  Mill  Company. 

2A " 

3A " 

4A " 

36 A — 36B Olaa  Sugar  Company. 

37A— 37B '* 

38A " 

Hilo  and  Hamalnia  Coast  District. 

5A — 5B Onomea  Sugar  Company. 

6A— 6B *' 

7A 

8A— 8B " 

23 A — 23B Pepeekeo  Sugar  Company. 

24A— 24B '* 

21 A — 21B Kaiwiki  Sugar  Company. 

22A— 22B '' 

18 A — 18B Hamakua  Mill  Company. 

19A " 

20A— 20B " 

16 A Honokaa  Sugar  Company. 

17A 

14A— 14B Pacific  Sugar  Mill. 

15A— 15B *' 

Kohala  District. 

25 A— 25B Hawi  Mill  &  Plantation  Co. 

26A— 26B '' 

27A " 

28A— 28B " 

32 A Kohala  Sugar  Company. 

33A ** 

34A '* 

35  \ < ' 

29 A— 29B Niulii  Mill  and  Plantation  Co. 

30A '* 

31A— 31B " 
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Kau  District. 

9 A — 9B Hawaiian  Agricultural  Co. 

lOA '* 

llA— IIB '' 

12A— 12B *' 

13A '' 

I  will  new  briefly  locate  and  describe  each  individual  sample 
drawn. 

Hilo-Puna  District. 

No.  1 A  and  IB Waiakea  Mill  Company. 

Field  35 Mauka   (elevation  1,100  feet). 

Surface  soil  5  to  6  inches  deep. 

Typical  forest  soil.      Very  high  in  organic  matter. 

In  cane  for  the  last  8  years. 

No.   2A Waiakea  Mill  Company. 

Field  26 .Middle  (elevation  650  feet). 

Surface  soil  6  to  7  inches  down  to  solid  rock. 
In  cane  about  16  years. 

No.  3 A Waiakea  Mill  Company. 

Field   6 .Makai  (elevation  100  feet). 

Surface  soil  8  to  10  inches  deep. 

Aa  formation  directly  below.     Produces  best  cane  on  plantation. 

In  cane  about  35  years. 

No.  4 A Waiakea  Mill  Company. 

Field   6 Makai  (elevation  100  feet). 

Water  down  12  to  18  inches. 

Soil  heavy  and  wet  over  pahoehoe  formation. 

Poor  drainage. 

In  cane  about  35  years. 

No.  36 A  and  36B Olaa  Sugar  Company. 

Field  P Middle   (elevation  650  feet). 

Surface  soil  6  inches  deep. 
In  cane  15  years. 

No.  37A  and  37B Olaa  Sugar  Company. 

Mountain  View  4  and  5 Mauka  (elevation  1,700  feet). 

Surface  soil  4  inches  deep. 
In  cane  15  years. 

No.  38A Olaa  Sugar  Company. 

Field  D Makai  (elevation  200  feet). 

Surface  soil  7  to  9  inches  deep. 
No  sub-soil,  aa  formation. 
In  cane  16  years. 

Hilo  and  Hamakua  Coast  District. 

No.  5A  and  5B Onomea  Sugar  Company. 

Field  7,  Onomea  section Mauka  (elevation  1,300  feeth 

Surface  soil  6  inches  deep. 
In  cane  about  25  years. 
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No.  6 A  and  6B Onomea  Hugar  Company. 

Field  97,  Paukaa  section Mauka  (elevation  1,350  feet. 

Surface  soil  6  inches  deep. 
In  cane  14  years. 

No.  7 A Onomea  Sugar  Company. 

Field  34,  Expt.  plot  6C Makai  (elevation  1*75  feet). 

Surface  soil  18  inches  deep. 
In  cane  22  years. 

No.  8 A  and  8B Onomea  Sugar  Company. 

Field  25,  Papaikou  section. ..  .Makai  (elevation  175  fet.) 

This  sample  was  taken  near  the  cliff  bordering  the  sea  which  is  over 

100  feet  above  high  water  mark. 
Surface  soil  10  inches  deep. 
In  cane  30  years. 

No.  23A  and  23B Pepeekeo  Sugar  Company. 

Robertson    Field Makai   (elevation  400  feet). 

This  field  has  been  limed  several  times  and  has  had  trash  turned  under 

for  the  past  12  years. 
Surface  soil  10  inches  deep. 
This  is  a  very  old  field. 

No.  24A  and  24B Pepeekeo  Sugar  Company. 

This  sample  was  drawn  from  the  center  of  the  highest  field  on  the  plan- 
tation. 
Elevation  about  1,500  feet. 

It  has  been  limed  once  and  had  trash  turned  under  for  the  past  8  years. 
Surface  soil  6  inches  deep. 
In  cane  10  years. 

No.  21 A  and  2  IB Kaiwiki  Sugar  Company. 

Field   27 Mauka  (elevation  1,450* feet). 

Limed  once  this  past  year  (8  barrels  quick  lime  per  acre.) 
Surface  soil  6  inches  deep. 
In  cane  about  6  years. 

No.  22A  and  22B Kaiwiki  Sugar  Company. 

Field    10 Makai  (elevation  150  feet). 

Limed  once  six  years  ago. 
Surface  soil  10  inches  deep. 
Very  old  field. 

No.  18A  and  18B .Hamakua  Mill  Company. 

Field  17,  Opihilala Makai  (elevation  400  feet). 

This  field  was  limed  in  1915  and  then  had  a  heavy  crop  of  lupins  plowed 

under. 
This  sample  was  taken  from  under  a  small  piece  of  good  Lahaina  cane. 
Surface  soil  12  inches  deep,  fine  appearance. 
In  cane  35  years. 

No.    19A Hnmakua  Mill  Company. 

Field  24,  Manienie Middle  (elevation  900  feet). 

Virjnn  soil,  .iust  cleared  of  trees;  never  has  grown  a  crop. 
Surface  soil  deep  (over  2  feet). 
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No.  20A  and  SOB Hamakua  Mill  Company. 

Field  19,  Opihila Mauka  (elevation  2,200  feet). 

Sample  taken  from  highest  place  on  plantation. 

Limed  once  and  green  soiled  in  1913.      Originally  cleared  from  heavy 

forest. 
Surface  soil  5  inches  deep. 
In  cane  12  years. 

No.  16A Honokaa  Sugar  Company. 

Field  C Mauka  (elevaion  1,900  feet). 

One  of  last  fields  cleared,  near  homesteads. 
In  cane  about  15  years. 

Both  surface  and  sub-soils  are  very  familiar  in  appearance;  about  5  feet 
deep. 

No.  17A Honokaa  Sugar  Company. 

Field  35 Makai  (elevation  250  feet). 

This  sample  was  taken  below  the  mill,  not  far  from  the  cliff  by  the  sea 

which  here  is  about  200  feet  high. 
The  soil  is  very  uniform  to  a  depth  of  about  5  feet  where  large  stones 

are  encountered. 
This  is  a  very  old  field;  in  cane  30  years  or  more. 

No.  14A  and  14B Pacific  Sugar  Mill. 

Field  11  and  edge  of  21 Mauka  (elevation  1,800  feet). 

Close  to  edge  of  Waipio  Gulch. 

Surface  soil  about  6  inches  deep;  sub-soil  very  hard  and  heavy. 

In  cane  25  years. 

No.  15A  and  15B Pacific  Sugar  Mill. 

Field  5 Makai  (elevation  about  600  feet). 

Surface  soil  10  to  12  inches  deep. 
In  cane  30  years  or  more. 

Kohala  District. 

No.  25A  and  25B Hawi  Mill  and  Plantation  Company. 

Field  25 Mauka  (elevation  1,500  feet). 

Surface  soil  about  12  inches  deep.     Sub-soil  stony. 
Old  field;  in  cane  25  or  30  years. 

No.  26A  and  26B ..Hawi  Mill  and  Plantation  Company. 

Field    H-13 Middle  (elevation  450  feet). 

New  land;  first  crop  now  being  planted. 
Surface  soil  18  inches  deep. 

No.   27A Hawi  Mill  and  Plantation  Company. 

Field   17 Middle  (elevation  450  feet). 

Surface  soil  deep. 

Very  old  cane  land.      This  sample  taken  about  150  yards  from  No.  26. 

No.  28 A  and  28B Hawi  Mill  and  Plantation  Company. 

Field    H-7 Makai  (elevation  60  feet). 

Lowest  point  on  plantation. 
Surface  soil  12  inches  deep. 
Very  old  field. 
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No.   32A Kohala  Sugar  Company. 

Field  Halelua  7 Middle  (elevation  320  feet). 

Surface  soil  over  12  inches  deep. 
Very  old  field. 

No.    33A .* . . .  Kohala  Sugar  Company. 

Field  Maulili  7 Mauka  (elevation  1,700  feet). 

Down  to  solid  rock,  6  to  7  inches. 

Old  field.     Now  planted  to  D-1135;  very  poor  growth. 

No.  34 A Kohala  Sugar  Company. 

Field  Maulili  5 Middle   (elevation  600  feet). 

Old  field;  deep  soil. 

No.  35A Kohala  Sugar  Company. 

Field  Ainakea  1 Makai  (elevation  200  feet). 

Deep  soil. 

Old  field,  newly  planted. 

No.  29 A  and  29B Niulii  Mill  and  Plantation  Company. 

Ku's  Field Mauka  (elevation  1,100  feet). 

Surface  soil  6  inches  deep. 
In  cane  30  years. 

No.  30 A Niulii  Mill  and  Plantation  Company. 

Field  mauka  Government  road  and  makai  Soloman's  house. 

Makai  (elevation  about  100  feet). 

Soil  uniform  down  to  3  feet.     Very  deep. 

In  cane  38  years. 

No.  31 A  and  31B Niulii  Mill  and  Plantation  Company. 

Field  just  mauka  railroad  sta- 
tion   Makai  (elevation  100  feet). 

Surface  soil  12  inches  deep. 
In  cane  over  40  years. 

Kao  District. 

No.  9A  and  9B Hawaiian  Agricultural  Company. 

Middle  Stone  Field Middle  (elevation  2,000  feet). 

Surface  soil  12  inches  deep. 

Black  silt  loam  soil  in  fine  physical  condition. 

In  cane  30  years. 

No.   10 A Hawaiian  Agricultural  Company. 

Middle  Mud  Flow  Field,  near  lower  edge   (elevation  2,200  feet). 
Sample  taken  from  surface  only  as  this  is  a  homogenous  soil  down  to  a 

depth  of  8  feet. 
It  would  be  classed  as  a  stony  loam  soil. 
In  cane  15  years. 

No.  11 A  and  IIB Hawaiian  Agricultural  Company. 

Lower  Wood  Valley  Field Middle  (elevation  2,100  feet). 

Surface  soil  6  inches  deep;  fine  sandy  loam. 
In  cane  18  years. 
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No.  12A  and  12B Hawaiian  Agricultural  Company. 

Hionamoa  Field Mauka  (elevation  2,800  feet). 

This  is  the  highest  field  growing  cane  on  Hawaii. 

Surface  soil  very  shallow,  3  to  4  inches  deep. 

In  cane  off  and  on  for  15  years;  at  present  fallow. 

No.    13A Hawaiian  Agricultural  Company. 

Palau   Field Makai  (elevation  900  feet). 

This  is  considered  the  best  land  on  the  plantation. 

It  is  a  very  deep,  uniform  silt  loam  soil,  transported  from  above. 

In  cane  for  over  40  years. 

It  will  be  seen  that  the  different  altitudes  as  well  as  the  several 
sections  of  the  Island  were  sampled  with  care. 

The  soils  on  the  plantations  where  no  samples  were  drawn 
were  in  almost  all  cases  investigated  and  found  to  be  very  simi- 
lar, if  not  identical,  with  those  which  had  been  sampled  on  neigh- 
boring plantations. 

In  discussing  the  data  which  follows,  the  several  districts  will, 
as  a  rule,  be  taken  up  separately. 

CHAPTER  III. 

PHYSICAL  SOIL  STUDIES. 

In  Chapter  I  appeared  a  brief  discussion  of  the  more  impor- 
tant physical  characteristics  of  soils.  Soil  moisture  was  there 
intentionally  omitted  and  will  here  receive  its  merited  attention. 

It  is  universally  recognized  that  a  soil's  relations  to  water  are 
of  far  more  importance  to  the  practical  agriculturist  than  are  all 
of  its  other  physical  characteristics  combined.  In  fact  the  mois- 
ture coefficients  are  in  reality  a  summation  of  all  of  the  other 
dominant  traits,  including  apparent  specific  gravity,  texture, 
humus  content,  colloid  content,  etc.  When  it  is  recalled  that  over 
80%  of  the  weight  of  most  green  plants  is  water  the  truth  of  this 
statement  is  apparent.  (Sugar  cane  averages  about  73%  water 
due  to  high  sugar  content  of  juice.) 

Water  is  especially  adapted  to  its  indispensible  functions  in 
relation  to  vegetable  life.  Careful  experiment  has  demonstrated 
the  following  truths:  Water,  by  capillarity,  rises  higher  both  in 
the  soil  and  in  the  tissues  of  plants  than  does  any  other  liquid. 
Its  temperature  changes  more  slowly  than  does  that  of  any  other 
liquid,  thus  serving  to  prevent  injuriously  rapid  temperature 
changes  in  plants  as  well  as  in  soils.  Its  high  heat  of  fusion  also 
prevents  the  quick  freezing  of  plant  or  animal  tissues.  The  large 
amount  of  heat  required  to  evaporate  water  serves  to  keep  plants 
cool  under  excessive  external  temperatures  which  would  other- 
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wise  quickly  destroy  life.  To  these  properties  of  water  should 
be  added  its  almost  universal  solvent  power,  especially  for  min- 
eral materials.  It  is  true  that  this  power  is  often  slow,  but  it  is 
nevertheless  inevitable.  The  soil  water  is  thus  able  to  convey  to 
the  growing  root  hairs  of  plants  the  necessary  foods  for  their 
consumption. 

Let  us  now  discuss  briefly  the  different  conditions  in  which  the 
soil  water  may  be  physically  present  in  an  arable  soil.  It  should 
be  understood  that  soil  water  is  at  all  times  a  very  complex  solu- 
tion of  both  minerals  and  gases.  All  of  the  necessary  plant  food 
elements  are  present,  usually  in  very  small  quantities,  together 
with  the  gases  oxygen,  nitrogen  and  carbon  dioxide.  Each  of 
the  three  different  kinds  (physically)  of  soil  water  are  the 
same  chemically.  They  differ  only  in  the  concentration  of  these 
dissolved  compounds — esj^ecially  the  mineral  elements.  Nearly 
all  discussions  of  soil  water  are  based  upon  a  classification  which 
was  early  made  in  the  study  of  this  subject  and  which  is  both 
justifiable  and  sound.  Soil  moisture  is  divided  into  hygroscopic, 
capillary  and  gravitational,  according  as  it  is  tenaceously  held  in 
the  thin  films  about  the  soil  particles;  held  against  the  force  of 
gravity  by  surface  tension  in  the  capillary  pores  of  the  soil;  or 
freely  moving  under  the  action  of  gravity.  Unless  understood, 
this  classification  is  unfortunate  in  that  it  suggests  the  existence 
of  the  soil  water  in  three  different  chemical  states  which  is  not 
the  case,  as  above  stated.  This  classification  is  one  of  forces, 
not  of  materials,  and  all  of  these  forces  affect  either  directly  or 
indirectly  all  soil  water.  It  might  be  better  to  drop  the  older 
terminology  and  consider  the  water  in  toto  as  a  unit,  and  speak 
not  of  hydroscopic,  capillary  and  gravitational  water,  but  of  the 
hygroscopic,  capillary  and  gravitational  forces  reacting  upon  this 
water. 

Let  us  take  up  these  forces  or,  to  revert  to  the  older  teminol- 
ogy,  "kinds"  of  soil  moisture  in  some  detail. 

Hygroscopic  Water,  There  are  two  great  forces  always  opera- 
tive in  nature,  adhesion  and  cohesion.  The  former  may  be  de- 
fined as  that  force  which  unites  together  minute  particles,  termed 
molecules,  of  entirely  different  chemical  substances,  while  in  the 
latter  case  the  operative  force  tends  to  bring  together  or  unite 
molecules  of  the  same  substance.  For  example,  if  a  marble  is 
dipped  into  water  and  withdrawn,  it  carries  with  it  a  thin  film  of 
water  over  its  entire  surface.  This  shows  that  for  a  certain  dis- 
tance from  its  surface  the  marble  exerts  a  stronger  pull  for  the 
water  than  the  water  does  for  itself.  If  the  marble  is  dipped 
into  mercury  instead  of  water,  it  comes  out  perfectly  dry  because 
the  mercury  in  this  case  has  a  greater  attraction  for  its  own  mole- 


41 

cules  than  it  does  for  those  of  the  marble.  The  former  is  an 
example  of  adhesive  force  while  the  latter  shows  the  strong  co- 
hesive tendency  of  mercury.  It  is  the  former  tendency  which 
interests  us  in  a  discussion  of  hygroscopic  soil  moisture.  Soils 
artificially  dried  so  as  to  deprive  them  of  all  of  their  moisture, 
when  exposed  to  moist  air  at  first  absorb  water  vapor  with  great 
avidity.  Finally  a  state  of  equilibrium  is  reached  for  any  given 
temperature  and  rate  of  humidity.  At  this  point  no  more  water 
can  be  taken  up  by  the  soil  under  experiment  The  smaller  the 
individual  particles  of  any  soil  the  more  water  it  will  absorb 
from  a  saturated  atmosphere  due  to  its  greater  internal  surface. 
It  thus  follows  that  sandy  soils  absorb  the  smallest  amounts, 
while  clay  soils  and  those  containing  much  humus  or  finely  divid- 
ed ferric  hydrate  taken  up  the  largest  proportion.  All  field  soils 
when  air  dry  in  situ  contain  certain  amounts  of  hygroscopic 
water  depending  upon  their  texture,  structure,  organic  matter 
content,  temperature  and  the  humidity  of  the  air.  As  has  been 
proven  by  Hilgard,  the  amount  of  water  absorbed  by  a  soil  slight- 
ly increases  in  a  completely  saturated  atmosphere,  as  the  temper- 
ature rises;  at  least  this  is  the  case  up  to  a  temperature  of  ap- 
proximately 40°  C.  We  may  thus  define  the  '^hygroscopic  mois- 
ture coefficient"  of  any  soil  as  the  maximum  percentage  of  water 
which  it  can  absorb  from  a  saturated  atmosphere  at  a  tempera- 
ture of  20°  C.  (68°  F.) 

As  was  stated  above,  these  thin  films  of  hygroscopic  water  are 
held  very  tenaciously  by  the  solid  particles  of  the  soil,  and  may 
be  considered  as  the  connecting  link  between  the  water  system 
and  the  solid  frame-work  of  the  soil.  So  far  as  we  know,  hygro- 
scopic water  is  absolutely  unavailable  to  plants,  although  by  pre- 
venting rapid  and  undue  heating  of  the  surface  soil  it  may  be  of 
indirect  benefit.  Hilgard  states  that  certain  desert  plants  may  be 
able  to  maintain  normal  growth  on  this  fraction  of  the  soil's  mois- 
ture but  it  remains  unproven.  It  should  also  be  noted  that  it  is 
within  the  hygroscopic  water  films  that  most  of  the  mineral  sol- 
vent action  primarily  occurs. 

Capillary  Water.  We  now  come  to  the  most  important  physical 
form  in  which  soil  water  exists,  for  it  is  entirely  from  this  frac- 
tion that  most  plants  draw  their  necessary  supply.  This  is  the 
liquid  water  held  by  capillarity  in  the  pores  of  the  soil  against  the 
force  of  gravity.  This  water  moves  either  upward,  downward 
or  laterally,  absolutely  independently  of  the  force  of  gravity  until 
uniformity  of  surface  tension  is  established;  and  this  is  seldom 
eflfected  in  fallow  arable  soils,  and  never  under  a  growing  crop, 
for  here  the  plants  are  continually  drawing  water  from  these 
capillary  films.     By  interchange  with  the  hygroscopic  films  the 


42 

capillary  water  receives  the  necessary  dissolved  mineral  con- 
stituents, thus  serving  as  the  vehicle  of  all  plant  food  absorbed 
by  the  growing  plant  besides  supplying  moisture  to  sustain  the 
enormous  transpiration  by  which  plants  maintain,  during  the 
hottest  days,  a  temperature  sufficiently  low  to  permit  of  proper 
photo-synthesis.  The  capillary  water  would  soon  be  exhausted 
were  it  not  replenished.  This  is  effected  by  the  rising  of  water 
by  capillarity  from  the  "ground  water"  or  **water  table"  into  the 
root  zone,  and  the  rapidity  of  this  water  movement  is  of  prime 
importance  to  the  thirsty  plant.  The  heavy  soils  running  high  in 
clay  are  able  to  raise  water  to  the  greatest  height  (11  feet  in  some 
cases),  but  this  rise  is  often  too  slow  to  sustain  plant  life.  The 
lighter  soils,  on  the  other  hand,  as  the  sandy  soils  and  loams,  can 
lift  water  but  four  or  five  feet,  yet  the  quantity  of  water  so  raised 
will  readily  meet  the  demands  of  the  growing  crop.  We  thus  see 
that  a  heavy  soil  and  a  dry  climate  with  low  water  table  are  un- 
favorable conditions  for  most  crop  plants. 

In  most  cultivated  soils  the  air  spaces  constitute  from  40  to 
50%  of  their  total  volume,  and  this  space  when  filled  with  water 
represents  the  saturation  point  or  its  "maximum  water-holding 
capacity."  For  the  best  development  of  plants  it  has  been  found 
that  the  soil  moisture  present  should  not  exceed  60%  of  its  "max- 
imum water-holding  capacity."  This,  for  most  soils,  will  be 
found  to  closely  approximate  the  sum  of  the  hygroscopic  and  the 
capillary  waters,  and,  as  will  be  seen,  leaves  about  40%  of  the 
pore  space  to  be  filled  with  air.  This  condition  is  usually  termed 
the  "optimum  moisture  content"  of  a  given  soil.  Of  course  this 
figure  of  60%  varies  slightly  depending  upon  the  soil  and  the 
plant,  but  not  greatly. 

Gravitational  Water,  This  is  that  portion  of  the  soil  water  in 
excess  of  the  hygroscopic  and  capillary  capacities,  which  is  free 
to  move  under  the  influence  of  gravity.  It  is  thus  the  difference 
between  the  "maximum  water  holding  capacity"  of  a  soil  and  the 
sum  of  the  other  two  forms,  and  is  measured  by  that  amount 
which  will  flow  from  a  soil  having  all  its  pores  filled  with  water. 
The  total  drainage  from  a  saturated  piece  of  land  would  thus 
represent  the  gravitational  water  there  present,  and  the  plane  in 
the  soil  at  which  all  the  pores  are  filled  is  spoken  of  as  the  "water 
table." 

Gravitational  water  is  directly  injurious  to  upland  crops,  but 
when  it  exists  at  a  depth  of  four  to  six  feet  from  the  surface 
(water  table)  it  is  of  untold  benefit  as  a  reserv'oir  from  which 
moisture  is  withdrawn  and  supplied  to  growing  crops  by  capil- 
larity. Some  deep-rooted  plants,  as  alfalfa  and  trees,  will  send 
down  tap  roots  to  the  water  table  when  this  is  far  below  the 
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point  from  which  water  can  be  raised  by  capillarity,  but  this  is 
not  the  case  with  most  crop  plants.  We  thus  see  the  importance 
of  gravitational  water  as  a  reserve  for  capillary  moisture. 

Moisture  Available  to  Crops.  We  have  shown  above  that  the 
moisture  of  soils  is  present  in  three  physical  states  held  by  as 
many  forces.  I  will  briefly  explain  that  portion  of  the  soil  water 
which  is  available  to  the  growing  plant.  This,  by  plant  physio- 
logists, is  termed  **free  water,"  and  may  be  defined  as  that  which 
is  free  to  enter  the  plant  roots  and  upon  which  the  latter  depend 
for  normal  growth.  As  was  above  stated,  none  of  the  hygro- 
scopic water  can  be  used  in  maintaining  growth  although  Hilgard 
states  that  it  may  sustain  or  tide  over  the  life  of  vegetation 
(especially  desert  life)  during  periods  of  great  drought.  Not 
quite  all  of  the  capillary  moisture  is  available  for  normal  growth. 
The  following  table,  compiled  from  a  variety  of  sources  in  which 
a  large  number  of  both  plants  and  soils  were  used,  proves  this 
point. 


Soil  Used. 


Percentage  of  Water 


Sandy  Soil. 
Sandy  Loam 

Silt 

Silty  Loam. 

Clay 

Peat 


Hygroscopic 

LOO 

3.98 

5.2(1 

8.40 
10.50 
42.30 


Under  the  word  "Hygroscopic"  are  given  each  soil's  "maxi- 
mum hygroscopic  coefficient,"  the  method  of  determining  which 
will  be  given  in  the  appendix.  It  is  seen  from  these  figures  that 
plants  wilt  before  all  of  the  capillary  water  has  been  absorbed. 
Schubler,  Liebig,  Sachs,  Hilgard,  King,  Alway,  and  others,  have 
contributed  to  the  voluminous  literature  pertaining  to  the  avail- 
able or  "free  water"  of  soils.  Methods  have  diflfered,  but  as  a 
rule  that  percentage  of  water  in  soils  at  which  plants  wilt  is 
taken  as  the  lower  limit  of  "free  water,"  while  the  upper  limit  is 
that  represented  by  the  optimum  moisture  capacity  or  slightly 
above  that.  The  presence  of  gravitational  water  is  known  to  be 
decidedly  injurious  to  any  except  swamp  vegetation  and  a  few 
exceptional  plants,  as  rice,  indigo,  taro,  etc. 

The  following  diagram  should  make  very  clear  the  divisions 
of  soil  moisture  and  that  fraction  which  is  available  to  vegetation. 
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Availability  of  Soil  Water  to  Plants. 

From  the  above  discussion  it  must  be  evident  that  a  mere  state- 
ment of  the  total  moisture  content  of  a  soil  gives  practically  no 
information  as  to  the  amount  of  water  which  is  available  to  plants 
growing  upon  that  soil.  To  obtain  such  information  it  is  neces- 
sary to  first  ascertain  the  non-available  portion  of  the  soil  water 
which  experiment  has  shown  to  be  from  1  to  about  6%  in  excess 
of  the  hygroscopic  water.  This  ''amount  in  excess"  depends  en- 
tirely upon  the  texture  of  the  soil,  being  1%  or  less  for  sand,  2 
to  3%  for  loams  and  often  as  high  as  6%  for  clay  soils.  There- 
fore, if  we  are  armed  with  the  hygroscopic  coefficient  of  a  soil  as 
well  as  with  its  total  moisture  holding  capacity  and  physical  com- 
position, the  available  or  "free  water"  may  be  quickly  and  ac- 
curately estimated. 

The  following  studies  are  confined  to  the  estimation  of  the 
maximum  moisture  holding  capacities*  and  the  hygroscopic  co- 
efficients**  of  the  several  soils  under  discussion.  From  these 
figures  the  **optimum  moisture  capacity"  and  the  "free  water" 
have  been  calculated.  All  of  these  data  appear  in  Table  II,  which 
follows.    The  surface  soils  only  were  used  in  these  studies. 


*  See  Appendix,  p.  90. 
**  See  Appendix,  p.   90. 


TABLE  II. 
Moisture  Coefficients  of  Hawaii  Soils. 


Plantation 

Soil  No. 

09   bfi 

Percent. 

« 

o 
O 

&€ 

W 
Percent. 

• 

O 
Percent. 

ee  S 
Percent. 

1 
1 

1 
1 

1 
1 

1 

Hilo-Puna  District. 

1 

Waiakea  Mill  Co 

1 
2 
3 
4 

107.7 
81.1 
86.3 
lost 

lost 

96.2 

154.4 

20.96 
20.46 
21.12 
25.07 

24.60 
26.50 
26.68 

65 
48 
52 

•  • 

•  • 

57 
93 

38 
22 
25 

•  • 

•  • 

24 
54 

\ 
1 

Olaa  Sucrar  Co 

36 
37 
38 

Hilo  and  Hamakua  Coast  District. 

Onomea  Sugar  Co 

5 

6 

7 
8 

77.7 
87.5 
84.9 
78.9 

97.9 
81.9 

97.9 
90.5 

83.7 
116.6 
100.4 

94.5 
83.7 

82.7 
87.3 

21.14 
21.52 
21.68 
21.52 

22.69 
20.60 

22.53 
21.86 

• 

22.00 
23.97 
21.06 

24.65 
20.84 

19.35 
22.57 

46 
52 
50 
47 

58 
49 

58 
54 

50 
70 
60 

56 
50 

50 
52 

20 
24 
22 
20 

28 
22 

29 
26 

22 
40 
33 

25 
23 

24 
23 

1 
1 

Pepeekeo  Sugar  Co. . . . 

23 
24 

Kaiwiki  Sugar  Co 

21 
22 

Hamakua  Mill  Co 

18 
19 
20 

Honokaa  Sugar  Co 

16 
17 

1 

Pacific  Sugar  Mill 

14 
15 

Kohal 

a  District 

• 

1 

Hawi  Mill  and 

Plantation  Co 

25 
26 
27 

28 

72.1 
59.1 
59.0 
57.9 

63.6 
74.2 
67.8 
60.3 

67.5 
66.4 
60.4 

17.16 
15.72 
18.60 
16.70 

18.20 
19.50 
18.50 
17.30 

17.11 
18.30 
18.20 

43 
35 
35 
35 

38 
45 
40 
36 

40 
40 
36 

22 
15 
13 
14 

16 
21 
18 
15 

19 
18 
15 

1 

Kohala  Sugar  Co 

32 
33 
34 
35 

( 

Niulii  M.  &  P.  Co 

29 
30 
31 

1 

1 

1 

Kau  District. 

1 

Hawaiian 

Agricultural  Co 

9 
10 
11 
12 
13 

65.4 
89.7 
68.0 
87.7 
88.8 

9.21 
22.08 

8.57 
10.59 
18.57 

40 
54 
40 
52 
53 

25 
26 
27 
35 
29 

1 

1 
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To  anyone  familiar  with  soil  work,  the  unusually  high  moisture 
capacities  of  these  soils  are  at  once  strikingly  apparent.  The 
hygroscopic  coefficients  are  at  least  twice  those  for  soils  of  simi- 
lar texture  on  the  mainland.  This  is  due  undoubtedly  to  the 
excessive  amounts  of  colloidal  silica,  iron,  alumina  and  humus 
present.  The  classification  of  the  four  soil  areas  is  justified  to 
a  surprising  degree  by  the  hygroscopic  moisture  coefficients.  In 
the  Hilo-Puna  District,  where  we  encounter  soils  of  very  high 
organic  matter  content  and  where,  consequently,  the  soils  absorb 
excessive  amounts  of  water,  we  find  maximum  hygroscopic  co- 
efficients. The  average  for  this  district  is  23.7  percent.  In  the 
Hilo  and  Hamakua  Coast  District  where  very  heavy  clay  loams 
are  the  rule,  the  average  hygroscopic  coefficient  is  21.8  percent. 
In  the  Kohala  district  where  the  prevailing  type  would  be  classed 
as  a  silty  clay  loam,  the  average  hygroscopic  coefficient  is  17.7 
percent,  while  in  the  Kau  District  where  a  diversity  of  soil  types 
exist  we  obtain  a  coefficient  of  8.57  percent  for  the  fine  sandy 
loams  while  22.08  percent  is  shown  for  the  high  humus  and  fine 
silt  loam  types.  The  total  moisture  holding  capacities  as  well 
as  the  optimum  moisture  capacities,  as  would  be  expected,  close- 
ly follow  the  hygroscopic  coefficients,  being  greatest  in  the  Hilo- 
Puna  District,  next  in  the  Hilo  and  Hamakua  Coast  District, 
and  least  in  the  other  two.  The  average  optimum  moisture  figure 
for  the  plantation  soils  of  the  entire  Island  closely  approaches 
45%.  In  other  words,  when  a  great  majority  of  the  soils  on  the 
island  of  Hawaii  contain  45%  total  moisture  they  are  in  opti- 
mum physical  condition  for  the  production  of  maximum  crops. 

From  the  figures  presented  it  would  seem  that  the  optimum 
amounts  of  "free  water"  for  sugar  cane  would  closely  approxi- 
mate 33%  in  the  Hilo-Puna  District,  followed  by  25%  in  the  Hilo 
and  Hamakua  Coast  area,  28%  in  the  Kau  section,  and  17%  in 
Kohala. 

The  higher  the  moisture  capacities  of  a  soil,  the  plant  food 
supply  being  adequate,  the  greater  will  be  the  ability  of  that  soil 
to  produce  crops.  Therefore,  looking  at  these  soils  from  the 
standpoint  of  their  water  relations,  one  cannot  but  be  favorably 
impressed. 

CHAPTER  IV. 

chemical  soil  studies. 

(a)    plant  food  work. 

Since  the  time  of  Sir  Humphry  Davy,  who  in  the  year  1800 
made  the  first  chemical  soil  analysis,  no  branch  of  soil  study  has 
received  more  attention  than  has  been  so  freely  lavished  upon 
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the  chemical  aspects  of  soil  work.  In  fact,  until  less  than  thirty 
years  ago,  "soil  science"  and  "soil  analysis"  were  synonymous 
terms.  Bacteria  were  then  but  little  known,  while  time  spent  on 
physical  soil  studies  was  regarded  as  futile. 

Space  does  not  here  permit  of  an  historical  review  of  soil 
chemistry.  A  brief  discussion  of  this  subject  appeared  in  the 
"Planters'  Record"  for  December,  1916,  pages  413  to  422. 

Soil  chemistry  today  is  but  one  of  several  tools  in  the  hands 
of  a  soil  expert  who  would  give  trustworthy  information  on  fer- 
tilization, soil  management  and  possible  future  crops  returns. 
While  there  is  no  doubt  but  that  too  much  stress  has,  in  the  past, 
been  laid  on  soil  analysis,  there  are  nevertheless  certain  ques- 
tions pertaining  to  soils  which  can  only  be  answered  in  a  chemi- 
cal laboratory.  Among  these  may  be  mentioned  the  total  and  the 
approximately  available  major  plant  foods  (phosphoric  acid, 
nitrogen,  potash  and  lime),  soil  reaction,  and  the  presence  or 
absence  of  alkali  salts. 

Present  day  soil  chemistry  is  based  on  large  numbers  of  com- 
parative results  and  on  averages,  rather  than  endeavoring  to 
correlate  fertility  with  the  analyses  of  individual  soil  samples. 
For  this  reason,  in  the  pages  which  follow  more  significance  will 
be  attached  to  averages  than  to  anomalous  results  obtained  on 
individual  soils. 

Table  III  which  appears  below  presents  the  percentages  of  total 
acid  soluble  phosphoric  acid  (PoOq),  potash  (K^^O)  and  lime 
(CaO)  as  obtained  by  the  Agricultural  Method  of  analysis,*  to- 
gether with  the  percentages  of  total  nitrogen,**  found  in  each 
of  the  soil  samples  drawn. 


*  See  Appendix,  p.  91-93. 
**  See  Appendix,  p.  93. 
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TABLE  UL 

Total  Acid  Soluble  Phosphoric  Acid,  Potash  and  Lime  and  Total  Nitrogen 

in  Hawaii  Soils. 


Soil 

P2O5 

K2O 

CaO 

Total  N 

Plantation 

No. 

Percent. 

Percent. 

Percent. 

Percent. 

Hilo-Puna  District. 

1        lA 

1     0.22U 

0.082 

1.27 

1.02 

IB 

O.I. J I 

0.040 

0.42 

0.47 

Waiakea  Mill  Oo. 

1        2A 

0.260 

0.050 

1.61 

0.84 

i        3A 

0.260 

0.040 

2.03 

0.91 

4A 

0.430 
0.303 

0.065 
0.063 

1.61 
3.13 

0.92 

36A 

0.93 

36B 

0.271 

0:082 

0.35 

OJ58 

Olaa  Sugar  Oo . . . 

1      37A 

0.128 

0.034 

1.09 

0.86 

37B 

0.175 

0.085 

0.31 

0.46 

38A 

0.223 

0.058 

1.96 

0.96 

Hilo  and  Hama 

kua  Ooas 

t  District 

• 

Onomea  Sugar  Co 

5A 
5B 
6A 
6B 
7A 
8A 
8B 

0.310 
0.190 
0.280 
0.190 
0.r)90 
0.540 
0.240 

0.610 
0.480 
0.210 
0.200 

0.300 
0.230 
0.820 
0.615 

0.990 
0.755 
0.710 
0.581 
0.410 

0.116 
0.095 
0.110 
0.090 
0.120 
0.110 
0.120 

0.184 
0.170 
0.208 
0.150 

0.208 
0.150 
0.325 
0.220 

0.501 
0.390 
0.256 
0.211 
0.170 

0.35 
0.25 
0.31 
0.31 
0.46 
0.38 
0.31 

0.49 
0.21 
0.21 
0.14 

0.35 
0.21 
0.49 
0.49 

0.56 
0.35 
0.49 
0.56 
0.35 

0.45 
0.56 

0.31 
0.38 
0.53 
0.35 

0.54 
0.32 
0.52 
0.44 
0.53 
0.52 
0.32 

.      23A 

Pepeekeo  Sugar  Co 24A 

'      24B 

0.59 
0.33 
0.51 
0.20 

21A 

1      *>i3 

Kaiwiki  Sugar  Co go^ 

22B 

1 

0.77 
0.35 
0.56 
0.34 

Hamakua   Mill   Co 

1       18A 
'       18B 
'      19A 
1      20A 
,      20B 

'      16A 
17A 

14A 
14B 
ISA 
15B 

0.46 
0.38 
0.75 
0.71 
0.35 

Honokaa  Sugar  Co 

0.4i?0          0.300 
0460          0.291 

0.71 
0.40 

Pacific  Sugar  Mill 

o.sso 

0.760 
0.720 
0.670 

0.330 
0.205 
0.320 
0.280 

0.44 
0.25 
0.58 
0.56 
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TABLE  in— Continued. 


Plantation 


Soil 
No. 


P20n 
Percent. 


K2O 
Percent. 


CaO     I  Total  N 
Percent.  I  Percent. 


Kohala  District. 


Hawi    Mill    &- 
Plantation  Co 


Kohala  Sugar  Co 


Niulii  M.  &  P.  Co 


25A 

0.775 

25B 

0.584 

26A 

0.437 

26B 

0.140 

27A 

0.223 

28A 

0.271 

28B 

0.424 
0.223 

32A 

33A 

0.191 

34A 

0.271 

35A 

0.128 
0.303 

29A 

29B 

0.169 

30A 

0.574 

3lA 

0.399 

3  IB 

0.287 

0.412 
0.334 
0.526 
0.453 
0.348 
0.332 
0.431 


0.35 
0.14 
0.45 
0.20 
0.34 
0.31 
0.15 


0.50 
0.40 
0.48 
0.13 
0.26 
0.30 
0.18 


0.364 

0.38 

0.30 

0.344 

0.21 

0.46 

0.576 

0.17 

0.41 

0.477 

0.29 

0.21 

0.612 

0.06 

0.41 

0.809 

0.13 

0.28 

0.419 

0.17 

0.41 

0.339 

0.22 

0.30 

0.230 

0.20 

0.10 

Kau  District. 


Hawaiian 

Agricultural  Co 


9A 

0.340 

0.410 

5.53 

9B 

0.231 

0.307 

1.82       J 

lOA 

0.340 

0.179 

3.08 

llA 

0.380 

0.210 

5.53 

IIB 

0.440 

0.160 

5.74 

12A 

0.200 

0.110 

3.26 

12B 

0.160 

0.142 

1.98 

13A 

0.450 

0.133 

2.98 

0.38 
0.29 
0.28 
0.39 
0.41 
0.47 
0.34 
0.29 


Before  a  discussion  of  Table  III  is  given,  Table  IV  will  be  pre- 
sented. Here  are  given  the  percentages  of  available  phosphoric 
acid  (P2O5),  potash  (KgO)  and  lime  (CaO)  as  determined  by 
Dyer's  one  percent  citric  acid  method.*  Many  different  ways 
have  been  proposed  for  the  determination  of  that  fraction  of  a 
soirs  mineral  plant  food  supply  which,  by  natural  agencies,  will 
be  made  available  during  the  growing  season  of  a  single  crop. 
Of  these,  however,  none  have  withstood  the  years  of  criticism 
and  repetition  on  different  soil  types  with  the  success  of  the  1% 
citric  acid  method  proposed  in  1894  by  Dyer.  As  with  all  simi- 
lar empirical  procedures,  the  minimum  limits  below  which  fer- 


*  We  have  slightly  modified  the  original  method.      See  Appendix,  pp.  93-95. 
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tiHzation  with  either  phosphoric  acid  or  potash  may  be  expected 
to  give  results,  will  vary  depending  upon  soil  formation  and 
soil  type.  Dyer's  original  minimum  limits  as  given  for  English 
soils  were  0.01%  for  either  phosphoric  acid  or  potash,  but  from 
unpublished  work  in  this  laboratory,  I  am  inclined  to  think  that, 
for  these  laterite  island  soils,  taking  into  consideration  the  18 
month's  growing  season  of  sugar  cane,  Dyer's  limits  as  given 
above  are  not  here  applicable.  We  are  at  present  working  along 
this  line  in  the  laboratory  by  analyzing  many  soils  for  citrate 
soluble  phosphoric  acid  and  potash  and  correlating  these  figures 
with  yields  of  sugar  obtained,  but  we  are  not  yet  prepared  to 
state  definite  numerical  limits.  Indications  are,  however,  that  a 
lowering  of  the  phosphoric  acid  limit  and  a  slight  raising  of  the 
potash  limit  may  eventually  be  shown  to  more  nearly  depict  our 
soil  condition  here.  It  should  be  understood  that  any  method 
for  the  determination  of  available  plant  food  is  of  necessity  em- 
pirical, and,  unless  other  data  are  at  hand,  can  never  be  expected 
to  give  more  than  an  indication  as  to  probable  limiting  factors. 
The  low  potash  content  of  certain  of  the  soils  as  shown  in  Table 
IV  (Hilo-Puna  district)  are  nevertheless  of  interest  and  should 
be  given  due  consideration  in  formulating  fertilizer  practices  for 
these  lands. 
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TABLE  IV. 
Available  Phosphoric  Acid,  Potash  and  Lime  in  Hawaii  Soils. 


Soil 

P2O5 

K2O 

CaO 

1 
Soil 

P2O5 

K2O 

CaO 

No. 

Percent 

Percent 

Percent 

1 
4 

No. 

Percent 

1 

Percent 

Percent 

Hilo-Puua   District. 

lA 

0.0136 

0.0239 

0.126 

36A 

0.0127 

0.0080 

0.274 

IB 

0.0034 

0.0080 

0.017 

36B 

0.0083 

0.0010 

0.096 

2A 

0.0146 

0.0155 

0.399 

37A 

0.0185 

0.0150 

0.271 

3A 

0.0176 

0.0130 

0.459 

37B 

0.0064 

0.0010 

0.063 

4A 

0.0348 

0.0157 

0.252 

38A 

0.0217 

0.0090 

0.277 

Hilo  and  Hamakua  Coast  District. 

5A 

0.0036 

0.0128 

0.034 

22A 

0.0086 

0.020U 

0.171 

5B 

0.0028 

0.0037 

0.011 

22B 

0.0089 

0.0225 

0.059 

6A 

0.0038 

0.0147 

0.028 

18A 

0.0130 

0.0768 

0.202 

6B 

0.0034 

0.0039 

0.050 

18B 

0.0090 

0.0698 

0.109 

7A 

0.0092 

0.0120 

0.204 

19A 

0.0118 

0.0621 

0.123 

8A 

0.0064 

0.0171 

0.081 

1      20A 

0.0140 

0.0260 

0.224 

8B 

0.0050 

0.0316 

0.039 

20B 

0.0102 

0.0116 

0.084 

23A 

0.0090 

0.0167 

0.204 

16A 

0.0070 

0.0210 

0.202 

23B 

0.0054 

0.0219 

0.064 

17A 

0.0050 

0.0396 

0.204 

24A 

0.0032 

0.0326 

0.059 

14A 

0.0018 

0.0283 

0.056 

24B 

0.0024 

0.0124 

0.017 

14B 

0.0012 

0.0082 

0.087 

21A 

0.0104 

0.0186 

0.087 

15A 

0.0126 

0.0376 

0.176 

21B 

0.0054 

0.0159 

0.017 

15B 

0.0090 

0.0194 

0.092 

Koha] 

[a  District 

• 

25A 

0.0153 

0.0561 

0.160     I 

33A 

0.0166 

0.0080 

0.106 

25B 

0.0051 

0.0520 

0.140 

34A 

0.0153 

0.0230 

0.095 

26A 

0.0147 

0.0650 

0.280 

35A 

0.0100 

0.0170 

0.126 

26B 

0.0191 

0.0150 

0.148 

29A 

0.0083 

0.0110 

0.118 

27A 

0.0102 

0.0580 

0.199 

29B 

0.0070 

0.0020 

0.092 

■     28A 

0.0166 

0.0490 

0.123 

30A 

0.0072 

0.0200 

0.112 

28B 

0.0064 

0.0370 

0.129 

31A 

0.0179 

0.0170 

0.134 

32A 

0.0172 

0.0290 

0.162 

31B 

0.0057 

0.0110 

0.095 

Kau  Dii 

strict. 

9A 

0.0158 

0.0578 

0.750 

IIB 

0.0096 

0.0950 

1     0.526 

9B 

0.0050 

0.0675 

0.291 

1       12A 

0.0076 

0.0605 

,     0.616 

lOA 

0.0080 

0.0060 

0.493 

!      12B 

0.0034 

0.0316 

.     0.381 

llA 

0.0160 

0.0757 

0.633 

13  A 

0.0236 

0.0326 

0.526 

In  the  following  Table  V  appear  average  figures,  as  computed 
from  Tables  III  and  IV,  for  the  mauka  and  the  makai  soils  of  each 
district,  showing  the  average  percentages  of  both  the  total  and 
the  available  plant  food  elements  together  with  the  amounts  of 
the  same  in  pounds  per  acre-foot  of  soil.  The  average  figures 
for  the  cane  growing  lands  of'  the  entire  Island  also  appear  in 
the  last  two  columns.  Due  to  the  comparatively  small  number 
of  samples  taken  when  we  consider  total  acreage,  these  figures 
are  probably  not  absolute.  They  are,  however,  not  greatly  in 
error. 
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In  discussing  of  these  tables,  the  soils  of  each  district  will  be 
briefly  reviewed,  but  there  are  a  few  points  of  interest  common 
to  all.  The  surface  soils,  almost  without  exception,  are  higher 
in  each  of  the  plant  food  elements  than  are  the  corresponding 
subsoils,  notwithstanding  the  fact  that  the  cane  probably  obtains 
a  major  portion  of  its  nourishment  from  the  former.  The  rea- 
sons for  greater  fertility  of  surface  soil  are:  The  plant  roots 
forage  in  the  subsoils  as  well  as  nearer  the  surface,  translocating 
the  available  food  materials  chiefly  to  the  aerial  portion  of  the 
plant.  After  death  or  harvesting  much  of  this  is  left  upon  the 
surface.  The  top  foot  of  soil  holds  the  bulk  of  the  roots  with 
their  contained  plant  food  materials.  Wind  and  water  cause  a 
constant  erosion  and  deposition  of  fine  mineral  and  plant  debris 
at  the  surface.  Greater  aeration  tends  to  enhanced  bacterial 
activity,  and  finally,  all  of  the  fertilizing  materials  are  incor- 
porated with  the  surface  soils,  much  of  which  is  fixed  in  this 
layer. 

The  total  nitrogen  figures  are  unusually  high  for  cropped 
lands  altho,  as  shown  in  the  lower  two  columns  of  Table  Y,  its 
availability  is  low.  The  availability  of  soil  nitrogen  is  measured 
by  the  rate  at  which  a  soil,  by  means  of  its  own  bacteria,  can 
produce  nitrates  from  its  insoluble,  organic  nitrogen.*  It  will 
be  noticed  that  here,  instead  of  calculating  the  available  nitrogen 
in  pounds  per  acre- foot,  as  has  been  done  with  the  mineral  plant 
foods,  we  use  the  figures  obtained  for  an  acre  to  a  depth  of  5 
inches.  This  is  done  because  experiments  have  shown  that,  due 
chiefly  to  lack  of  air,  very  little  nitrification  takes  place  below  this 
depth.  Practically  all  nitrates  found  in  soils,  irrespective  of 
depth,  have  been  formed  in  the  surface  5  or  6  inches  (unless  ap- 
plied as  nitrates)  and  have  later  been  carried  below  by  water. 

The  approximate  number  of  pounds  of  the  several  major  plant 
food  elements  withdrawn  from  the  soil  of  an  acre  of  land  in  pro- 
ducing 5  tons  of  sugar  (about  40  to  45  tons  of  cane  per  acre) 
are  herewith  shown  for  three  common  varieties  of  cane.f 


Variety 

Nitrogen 

Phosphoric 
Acid 

Potash 

Lime 

Lahaina 

127.5 
193.5 
214.5 

80.0 
85.0 
85.0 
83.3 

447.5 
655.0 
619.0 
573.8 

145.0 

Yellow  Caledonia   

D117  

182.5 
220.0 

Average  

178.5 

182.5 

*  See  *'The  Determination  of  Availabiltiy  of  Nitrogenous  Fertilizers  in  Various 
California  Soil  Types  by  Their  Nitrifiability,"  by  C.  B.  Lipman  and  P.  8.  Burgess, 
Cal.    Agr.    Exp.    Sta.    Bui.   260. 

"A  Vegetation  Experiment  on  the  Availability  of  Nitrogenous  Fertilizers  in  an 
Arid  Soil,"  by  C.  B.  Lipman  and  W.  F.  Gericke.  Soil  Science,  Vol.  II,  No.  6,  pp. 
575-5«l. 

t  Recalculated  and  checked  from  H.  S.  P.  A.  Bui.  No.  6,  Division  of  Agricul- 
ture and  Chemistry. 
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These  are  the  amounts  of  plant  food  removed  by  the  complete 
crop  (both  cane  and  trash). 

I  have  arbitrarily  chosen  this  yield  of  5  tons  af  sugar  per  acre 
because  it  is  actually  obtained  upon  many  of  the  Hawaii  planta- 
tions altho  it  is  above  the  general  average.  The  lowest  column 
of  figures  shown  in  Table  \\  while  not  giving  absolute  figures, 
shows  the  approximate  amounts  of  available  nitrogen,  which 
should  be  formed  from  the  soil's  organic  matter  per  acre,  during 
the  two  year  growing  period  of  a  cane  crop.  When  it  is  taken 
into  consideration  that  a  fair  percentage  of  these  amounts  are 
lost  thru  leaching  in  those  districts  of  heavy  rainfall,  it  at  once 
becomes  apparent,  where  178.5  lbs.  of  nitrogen  are  required  for 
a  5  ton  crop  of  sugar,  that  available  nitrogen  is  here  present  in 
too  small  amounts,  and  must  be  supplied. 

The  total  lime  percentages,  as  recorded  in  the  above  tables, 
are  high  (the  average  is  0.13%  for  the  humid  sections  of  the 
United  States),  but  in  these  acid  soils  (excepting  the  Kau  Dis- 
trict) the  calcium  is  entirely  present  either  as  complex  acid  sili- 
cates or  in  the  decomposing  organic  matter. 

In  either  case  its  availability  is  low,  and,  altho  present,  it  is 
not  in  proper  form  for  maximum  crop  yields.  The  soil  acidity 
work  which  forms  the  second  part  of  this  chapter  throws  more 
light  upon  the  lime  situation,  as  does  the  bacteriological  work  in 
Chapter  V. 

Potash,  both  total  and  available,  is  apparently  present  in  ade- 
quate amounts  in  practically  all  of  the  Hawaii  soils  examined 
except  possibly  in  certain  fields  of  the  Hilo-Puna  District.  Dyer 
has  calculated  that,  using  his  1%  citric  acid  method,  300  lbs.  of 
available  potash  per  acre-9  inches  is  the  lower  limit  below  which 
fertilization  with  potash  should  result  in  profit.  Referring  again 
to  the  average  composition  of  cane,  we  find  that  about  574  pounds 
of  potash  are  required  to  produce  a  5  ton  sugar  crop.  Of  this, 
approximately  ^  are  contained  in  the  trash  while  J^  is  contained 
in  the  cane.  The  latter  is  removed  from  the  field,  while,  if  the 
cane  is  burned  before  cutting,  a  part  of  the  former  is  lost  on  the 
wind  and  thru  volitilization.  Taking  an  average  figure  of  say 
350  lbs.  of  potash  per  acre  per  crop,  any  plantation  interested  may. 
by  referring  to  Table  VI  obtain  a  comparative  idea  as  to  the  con- 
dition of  his  soils  regarding  the  supply  of  this  element  in  avail- 
able forms.  While  but  a  few  fields  in  this  district  go  below 
Dyer's  limit  several  sections  are  so  near  it  as  to  probably  justify 
present  potash  applications,  especially  when  we  consider  that 
Dyer's  limit,  which  was  given  for  small  grains,  is  considerably  be- 
low  that  required  for  a  5  ton  sugar  crop.    The  supply  and  cost  of 
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potash  will,  of  course,  at  this  time  militate  against  its  extensive 
use. 

It  is  an  established  fact  that  practically  all  of  the  potash  in 
the  cane  juice  goes  through  into  the  final  molasses.  In  order  to 
have  been  taken  up  by  the  plant,  it  must  previously  have  existed 
in  an  available  form  in  the  soil.  After  having  determined  the 
total  and  available  potash  in  the  soils  of  the. several  plantations 
it  was  thought  worth  while,  as  a  check  on  this  work  and  as  a 
means  of  obtaining  further  information  on  the  soils  in  question, 
to  determine  the  total  amounts  of  potash  as  well  as  ash,  in  the 
final  molasses  of  the  several  plantations  whose  soils  had  received 
attention.  Due  to  the  different  amounts  of  water  used  in  wash- 
ing, etc.,  the  several  samples  differed  considerably  in  moisture 
content,  specific  gravity,  and  in  sugar  and  salt  content.  For  this 
reason  it  was  thought  that  the  percentages  of  potash  in  the  mo- 
lasses ashes  would  here  be  the  better  comparative  figures.  The 
following  Table  VI  records  the  amounts  of  soil  potash,  both  total 
and  available,  the  amounts  of  potashf  and  ash  in  the  molasses, 
and  the  percentage  of  potash  in  the  ash,  from  each  plantation 
investigated. 


t  For  method  of  determination,  see  Appendix,  p.  96. 
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An  inspection  of  this  table  will  show  that  the  amounts  of 
potash  found  in  the  molasses  compare  exceedingly  well  with  the 
percentages  found  in  the  soils  of  the  several  plantations.  A  low 
figure  for  potash  in  the  final  molasses  and  in  the  molasses  ash 
invariably  accompanies  a  low  total  or  available  potash  percentage 
for  the  soils  of  that  plantation,  and  vice  versa.  The  evenness  of 
the  "percent  potash  in  ash"  figures  for  the  plantations  of  the  in- 
dividual districts  is  very  noticeable  indeed.  Table  VII  compares 
the  average  amounts  of  potash  in  the  soils  of  the  several  dis- 
tricts with  the  corresponding  average  potash  figures  in  the  mo- 
lasses. 

TABLE  VII. 

Average  Soil  and  Molasses  Potash  of  the  DiflFerent  Soil  Districts 

Compared. 


Total  acid  soluble  potash  in  soils: 

Average  percentage 

Available  potash  in  soils: 

Average  percentage 

Total  potash  in  molasses: 

Average  percentage   

Total  ash  in  molasses: 

Average  percentage   

Average  percentage  of  potash  in  ash . . 


■*» 

00 

una 
ct. 

J2.2 

*»  •'^ 
^h 

^  P  13 

•5  1^ 

Hilo 
Dis 

Hik 

Hamak 

Dis 

k2  * 

0.060 

0.220 

0.442 

0.0111 

0.0257 

0.0266 

1.575 

2.749 

4.224 

8.82 

10.38 

11.91 

17.8 

26.4 

35.1 

P. 2 

ea  is 


0.208 

0.0533 

3.877 

10.10 
38.3 


With  but  one  exception  all  of  the  figures  uni formally  increase 
from  left  to  right,  i.  e.,  the  soils  of  low  potash  content  invariably 
produce  molasses  of  low  potash  content.  The  only  exception  is 
the  arid  Kau  District,  where,  altho  the  total  acid  soluble  potash  is 
low,  the  available  potash  is  almost  twice  that  reported  from  any 
other  district.  This  high  potash  availability  is  due  entirely  to 
the  climatical  conditions  under  which  these  Kau  soils  have  exist- 
ed. There  has  been  a  minimum  of  leaching ;  the  soils  are  almost 
all  alkaline  in  reaction,  and  they  are  high  in  organic  matter;  all 
of  which  promotes  maximum  bacterial  activity  accompanied  by 
high  mineral  availability.  An  excess  of  lime  as  carbonate  and 
bicarbonate  as  a  rule  indicates  high  potash  availability  thru  chem- 
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ical  interchange  of  bases.  This  is  a  minor  reason  for  the  appli- 
cation of  lime  in  the  other  districts  on  Hawaii. 

Phosphoric  acid,  while  high  in  total  amount  (the  average  for 
humid  mainland  sections  is  0.12%)  is  present  in  these  Hawaii 
soils  chiefly  as  iron  and  aluminum  phosphates  which  are  but 
very  slowly  made  available  (see  columns  2  and  6  of  Table  I\' ). 
This  is  especially  true  of  the  soils  along  the  Hilo  and  Hamakua 
Coasts  (see  Table  \').  It  is  noteworthy  however,  that  much  less 
phosphoric  acid  is  required  to  produce  a  45  ton  crop  of  cane 
(only  about  83  lbs.  per  acre)  than  is  the  case  with  any  of  the 
other  major  mineral  plant  food  elements.  For  each  pound  of 
phosphoric  acid  used  by  the  growing  cane,  about  2^4  pounds  of 
lime,  2^  pounds  of  nitrogen  and  7  pounds  of  potash  are  re- 
qiured. 

Let  us  now  briefly  discuss  the  plant  food  situation  in  the  sev- 
eral soil  districts  as  set  forth  in  Tables  HI,  IV,  V,  VI  and  VII. 
No  attempt  will  be  made  to  discuss  the  soils  of  each  individual 
plantation  but  the  complete  data  for  each  are  presented  in  the 
tables. 

The  Hilo-Puna  District. 

In  this  district  are  located  three  plantations  and  a  small  por- 
tion of  a  fourth.  The  surface  soils  are  composed  mainly  of  or- 
ganic matter.  This  is  the  district  of  heaviest  rainfall  and.  in 
the  past,  excessive  tropical  growth  abounded.  The  mauka  soils 
are  usually  underlain  by  a  stiff,  putty-like,  clayey  subsoil  ranging 
in  color  from  a  light  drab  or  gray  to  a  light  brown.  Tlii?  ma- 
terial is  often  richer  in  potash  and  in  phosphoric  acid  than  are 
the  surface  soils,  but  poorer  in  nitrogen  and  lime. 

A  former  reportf  on  the  mauka  subsoils  of  the  Olaa  Sugar 
Company  and  the  Waiakea  Mill  Company  shows  them  to  be 
composed  chiefly  of  oxides  of  aluminum  and  iron.  An  average 
of  over  549?  of  the  mineral  matter  is  soluble  in  hot  4%  hydro- 
chloric acid.  Silica  is  present  in  very  small  quantities;  about 
46%  of  it  in  soluble  forms.  As  these  soils,  in  the  field,  due  to 
excessive  rainfall,  always  contain  about  75%  water,  it  may  be 
safely  stated  that  they  consist  almost  entirely  of  aluminum  and 
iron  hydrates,  hydrated  silicates  of  these  elements,  calcium  and 
magnesium,  and  organic  matter.  It  may  be  of  interest  to  state 
that,  when  completely  saturated,  these  soils  hold  about  five  times 
their  own  dry  weight  of  water.  Having  been  formed  from  the 
decomposition  of  lava  rock  (which  is  present  at  a  depth  of  about 


t  Unpublished    data,    by    Firman    Thompson. 
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ZYi  feet  from  the  surface)  under  the  evenly  distributed  and  high 
rainfall  of  this  district,  these  compounds  have  retained  their 
water-holding  properties  to  a  surprising  degree.  The  fact  that 
these  subsoils  after  having  been  thoroughly  air-dried  do  not  again 
return  to  the  same  physical  condition  when  rewetted,  proves  that 
dehydration  has  never  taken  place  to  any  great  extent  in  the  past. 
Experiments  have  shown  the  practical  impossibility  of  drainage. 
It  is  thus  to  be  expected  that,  altho  nitrogen  is  present  in  the 
shallow  surface  soils  to  the  extent  of  about  1%,  bacterial  activity 
is  low.  High  altitude  and  low  temperatures  also  tend  to  con- 
tribute to  this  condition  (see  Chapter  V).  Conditions  should 
here  be  favorable  for  the  formation  of  soil  toxins,  especially  re- 
duced iron  compounds.  Several  carefully  planned  experiments 
have,  however,  failed  to  show  any  such  compounds  in  condition 
to  be  taken  up  by  plants.  This  does  not,  of  course,  preclude  the 
presence  of  organic  soil  toxins. 

The  makai  surface  soils  are  similar  to  the  above  but  usually 
deeper  and  darker  in  color.  They  are  often  underlain  at  a  depth 
of  9  or  10  inches  by  solid  lava  rock,  usually  aa,  altho-  pahoehoe 
formations  are  not  uncommon.  This  latter  tends  to  greatly  re- 
strict rooting  area  over  certain  sections.  The  surface  soils  of 
this  district  are  quite  acid  requiring  from  1  to  over  13  tons  per 
acre  of  lime  carbonate,  depending  on  location  (see  2nd  part  of 
this  chapter),  altho  both  total  and  available  lime  figures  are 
high.* 

Lime  is  thus  here  needed  as  a  corrector  of  soil  acidity  only. 

The  first  two  columns  of  Table  V  present  the  average  plant 
food  data  for  both  the  mauka  and  the  makai  soils  of  this  district. 
The  lower  soils  are,  as  a  rule,  better  supplied  than  are  the  higher 
lands. 

The  "total  potash"  figure  for  this  area  is  low  when  comparted 
with  the  other  districts  as  is  also  avj^ilable  potash.  The  total 
potash  percentages  in  the  molasses  and  in  the  molasses  ashes 
fY-om  the  mills  of  this  district  are  also  the  lowest  of  any  on  the 
Hawaiian  Islands  (see  Table  VII,  and  H.  S.  P.  A.  Bulletin  No. 
16,  "Hawaiian  Waste  Molasses,"  by  S.  S.  Peck,  pages  22  and  23). 
The  total  phosphoric  acid  figures  are  also  decidedly  below  the 
average  for  the  Island  altho  available  phosphoric  acid  is  fair. 
Total  nitrogen,  as  would  be  expected  is  very  high.  The  avail- 
able nitrogen  mauka  is  low  but  makai  it  is  the  highest  of  any 
area. 


*  As  stated  above,   this  lime  is  present  in  organic   form  chiefly,   although   some 
is  doubtless  present  as  complex,  acid  silicate. 
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The  Hilo  and  Hamakua  Coast  District. 

This  is  the  largest  continuous  cane  growing  section  on  the 
Island.  It  comprises  a  strip  of  land  along  the  north  eastern  coast 
of  Hawaii  50  miles  long  by  from  3  to  4^  miles  wide.  Twelve 
plantations  are  located  in  this  district.  The  soils  are  all  quite 
similar,  the  differences  noted  being  in  large  part  due  to  the  meth- 
ods of  soil  management  which  have  prevailed  in  the  past.  Thus, 
certain  plantations  have  turned  in  trash,  applied  lime  and  jj^reen 
manured  while  others  have  used  concentrated  commercial  ferti- 
lizers only.  The  results  are  today  apparent;  in  fact  certain  of 
the  soils  have  been  entirely  changed  for  the  better,  while  of 
others  the  reverse  is  true.  The  soils  up  and  down  this  coast 
would,  with  the  exception  of  a  few  small  areas,  be  classed  as 
heavy  clay  loams  of  fairly  high  organic  matter  content.  The  sur- 
face soils  vary  in  depth  from  about  5  inches,  mauka,  to  from 
12  inches  to  two  feet,  makai.  The  subsoils  are,  as  a  rule,  quite 
similar  to  the  surface  soils,  but  lighter  in  color. 

The  percentage  of  total  phosphoric  acid  both  in  the  mauka  and 
makai  soils  far  surpasses  that  of  any  other  district,  but,  due  to 
high  iron  content,  the  available  phosphoric  acid  is  here  at  a  min- 
imum (see  Table  V). 

Both  total  and  available  potash  are  fair  when  compared  with 
averages  from  the  other  districts,  being  much  higher  than  the 
Hilo-Puna  District,  a  little  lower  than  the  Kau  District,  and  much 
below  Kohala. 

Lime,  both  total  and  available,  is  low.  The  soils  of  this  dis- 
trict are  the  most  acid  of  any  on  the  Island  (see  second  part  of 
this  chapter). 

In  total  nitrogen  this  district  is  next  to  the  Hilo-Puna  District, 
surpassing  both  Kohala  and  Kau.  The  available  nitrogen  is  low, 
due  chiefly  to  high  soil  acidity,  with  attending  low  bacterial  effi- 
ciency. The  mauka  soils  of  all  districts,  without  exception,  run 
higher  in  total  nitrogen  and  lower  in  available  nitrogen  than  do 
the  lower  fields.  This  is  probably  due  to  the  excessive  rainfall 
as  well  as  to  the  lower  temperatures  prevailing  at  the  higher 
elevations.  The  higher  fields  are  also  considerably  more  acid 
than  the  makai  areas. 

The  Kohala  District. 

Five  plantations  comprise  this  district  which  is  located  on  the 
northern  coast  of  Hawaii  (Kohala  Coast).  The  soils  here  are 
fairly  uniform  when  the  extent  of  the  area  is  considered,  being 
for  the  most  part,  silty  clay  loams  of  high  humus  content.    They 
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are  as  a  rule  deep,  in  good  tilth,  and  of  high  potential  fertility. 
These  lands  are  far  less  acid  than  are  the  soils  of  the  two  districts 
previously  discussed,  and  carry  high  quantities  of  available  plant 
foods.  The  rainfall  is  here  considerably  lower  and  in  certain 
sections  irrigation  is  intermittently  practiced. 

Phosphoric  acid,  lime  and  nitrogen  are  present  in  fair  amounts, 
while  potash  both  total  and  available,  is  unusually  high.*  While 
a  majority  of  the  soils  are  slightly  acid,  no  such  amounts  of  lime 
are  required  as  in  the  Hilo-Pund  and  Hilo  and  Hamakua  Coast 
Districts.  The  mauka  fields  are  much  lower  here  than  elsewhere 
on  Hawaii;  with  but  few  exceptions  the  cane  land  is  below  1500 
feet  elevation.  This  not  onlv  indicates  warmer  weather  with 
lengthened  growing  season,  but  also  deeper  soils  for  increased 
root  development.  Considered  chemically,  these  soils  are  poten- 
tially the  most  fertile  on  Hawaii. 

The  Kau  District. 

But  two  plantations  are  located  in  this  district  which  is  on 
the  southern  coast.  We  find  here  a  considerable  variation  in  soil 
type  altho  sandy  and  silt  loams  predominate.  Mauka  are  found 
the  same  high  humus  soils,  while  volcanic  mud  flows  have  pro- 
duced a  stony  loam  type.  This  district  is  located  in  the  semi- 
arid  belt,  and,  where  water  is  obtainable,  irrigation  is  practiced. 

The  soils,  while  slightly  lower  in  total  acid  soluble  phosphoric 
acid  and  potash,  are  well  stocked  in  available  phosphoric  acid  and 
are  the  highest  on  the  Island  in  available  potash.  The  total 
percentages  of  the  latter  in  the  molasses,  as  well  as  its  percentage 
in  the  molasses  ashes,  are  higher  than  similar  figures  for  any 
other  district.  (See  Table  VH.)  In  lime,  also,  these  soils  lead, 
practically  all  of  them  showing  an  alkaline  reaction.  A  glance  at 
Table  V  shows  the  soils  in  question  to  contain  a  very  good  per- 
centage of  total  nitrogen  which,  compared  with  the  other  dis- 
tricts, is  quite  readily  available. 

Water  is  here  probably  an  important  factor  limiting  cane  pro- 
duction. 

(b)      SOIL  ACIDITY   WORK. 

The  practice  of  liming  the  land  is  almost  as  old  as  agriculture 
Itself.  The  Chinese  were  probably  the  first  to  use  it,  followed  by 
the  Romans,  who  later  introduced  it  into  France  and  England. 


*  The  total  percentniare  of  potash   in   the  molasses  from  the  mills  of  this  area   are 
among  the  highest  for  the  entire  island. 
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In  England  the  practice  of  "marling"  has  been  followed  for  cen- 
turies with  marked  results.  The  first  mention  of  lime  in  connec- 
tion with  American  agriculture  is  to  be  found  in  the  writings  of 
Ruffin  in  the  '^American  Farmer"  of  1818,  since  which  time  the 
practice  has  extended  to  every  agricultural  section  in  our  country. 

Lime  should  never  be  considered  a  fertilizer  in  the  same  sense 
as  are  barnyard  manure  and  dried  blood.  It  can  never  take  the 
place  of  these  but  should  be  used  in  connection  with  them.  The 
element  calcium  is  the  only  essential  element  supplied  by  lime,  and 
most  arable  soils  contain  a  sufficient  amount  of  this  element  to 
meet  maximum  plant  food  requirements.  The  benefits  from  lime 
come  in  correcting  untoward  soil  conditions  which  are  inimical 
to  maximum  crop  yields.  Stated  differently,  when  unproductive- 
ness is  due  to  lack  of  lime  it  is,  in  nine  cases  out  of  ten,  caused 
by  acidity  and  not  by  lack  of  lime  as  plant  food. 

We  find  in  recent  literature  the  terms  **active,"  or  "true  acid- 
ity" and  "passive,"  or  "apparent  acidity."  By  the  former  term 
is  meant  the  absolute  presence  in  soils  of  organic  acids  formed 
from  and  during  the  decay  of  large  amounts  of  organic  materials. 
By  the  latter  term  is  signified  the  absorptive  power  of  soils  con- 
taining considerable  quantities  of  colloidal  materials  for  soluble 
lime  compounds.  In  either  case  basic  lime  is  removed  from  the 
soil  solution  and  rendered  inactive. 

Soil  acidity  may  be  due  to  any  or  several  of  the  following 
causes.  The  original  minerals  from  which  the  soil  was  derived 
may  have  been  low  in  basic  compounds  (this  is  not  true  of  our 
Island  soils)  ;  large  crops  of  lime-loving  plants  may  have  de- 
pleated  the  soil  of  calcium ;  drainage  water  each  year  re- 
moves from  300  to  600  pounds  of  lime  carbonate  per  acre  (more 
in  districts  of  excessive  rainfall)  ;  soils  containing  large  quan- 
tities of  fermenting  organic  matter  may  utilize  all  bases  present 
in  neutralizing  the  organic  acids  formed ;  the  use  of  certain  com- 
mercial fertilizers  as  sulfate  of  ammonia  and  acid  phosphate  re- 
sults in  the  gradual  accumulation  of  mineral  acids;  poor  drain- 
age, while  not  directly  causing  acidity,  undoubtedly  contributes 
to  this  condition  by  effecting  a  reduction  of  certain  sulfur  and 
organic  compounds.  It  is  a  characteristic  of  soils,  to  absorb  basic 
compounds,  which  in  all  probability  accounts  for  a  great  major- 
ity of  acid,  mineral  soils,  altho  certain  peats,  mucks  and  other 
lands,  as  our  mauka  fields,  which  carry  large  amounts  of  decom- 
posing organic  matter,  do  doubtless  form  and  contain  small 
amounts  of  active  organic  acids. 

Be  that  as  it  may,  we  do  know  that  soils  rendered  acid  by 
whatsoever  cause  are  more  or  less  unproductive,  but  can  be 
"sweetened"  by  the  use  of  lime. 
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IVhat  is  Limef  Pure  lime  is  a  chemical  compound  composed 
of  the  elements  calcium  and  oxygen  (CaO),  the  two  being  united 
in  the  proportion  of  40  parts  by  weight  of  calcium  to  16  parts  of 
oxygen.  This  compound  ("quick  lime"),  when  exposed  to  moist 
air  or  artificially  wetted,  absorbs  water  with  evolution  of  heat 
to  form  the  fine  white  powder  which  we  call  slacked  or  hydrated 
lime,  Ca(OH)2.  In  the  process  of  slacking,  lime  absorbs  about 
32%  of  its  weight  of  water.  When  this  slacked  lime  is  exposed 
for  some  time  to  the  air  it  absorbs  carbonic  acid  (CO^)  and  grad- 
ually changes  to  carbonate  of  lime  (CaCOg),  which  is  the  form  in 
which  it  exists  in  natural  limestones  and  in  coral  sand.  If  we 
now  heat  this  limestone,  the  carbonic  acid  gas  is  driven  off  to- 
gether with  any  water  that  may  be  present  and  we  have  caustic 
lime  or  "quick  lime'*  (CaO)  again.  Pure  carbonate  of  lime 
(CaCOg)  consists  of  56  percent  of  lime  (CaO)  and  44  percent  of 
carbonic  acid  (COg).  Thus,  100  pounds  of  lime  carbonate  con- 
tains 56  pounds  of  lime  (CaO)  ;  100  pounds  of  hydrated  lime  con- 
tains 74  pounds  of  lime,  while  "quick  lime"  and  "lime"  are  syno- 
nomous  terms.  In  most  natural  limestones  the  lime  is  associated 
with  magnesia,  iron,  aluminum,  silica,  and  other  impurities. 
Coral  sand  averages  about  87%  lime  carbonate,  while  calcite,  the 
purest  form  of  natural  limestone  known,  may  run  above  99%. 

The  Form  of  Lime  to  Apply,  As  shown  above,  there  are  three 
forms  of  lime  which  may  be  applied  to  soils  to  correct  soil  acidity ; 
the  oxide  or  "quick  lime" ;  the  hydrate,  or  slacked  lime ;  and  the 
carbonate.  That  form  should  be  used  which  can  be  obtained  at 
the  least  price  per  unit  of  calcium  oxide  (CaO)  at  the  same  time 
taking  into  consideration  the  eflFects  of  the  different  lime  com- 
pounds upon  the  soil.  Much  time  and  money  have  been  spent 
experimenting  upon  this  point  by  several  of  the  large  mainland 
experiment  stations,  notably  at  Pennsylvania,  Illinois,  Ohio, 
Rhode  Island,  New  Jersey,  New  York  and  Maryland.  Space 
does  not  here  permit  detail,  but  the  concensus  of  opinion  cer- 
tainly is  in  favor  of  the  carbonate  form.  To  quote  from  Bulletin 
No.  131  of  the  Pennsylvania  Experiment  Station  where  liming 
experiments  have  been  carefully  conducted  for  over  30  years  on 
the  same  land  growing  many  different  crops,  "All  of  the  field 
tests  are  more  favorable  to  the  finely  crushed  limestone  than  to 
equivalent  amounts  of  burned  lime."  Similar  statements  may  be 
found  in  bulletins  from  practically  all  the  stations  where  tests  of 
this  kind  have  been  made.  To  quote  from  New  York  Agricul- 
tural Experiment  Station  Bulletin  No.  400,  "Nine  years  of  com- 
parative trials  at  the  Ohio  Station,  four  at  the  Tennessee  Station, 
eleven  at  the  Maryland  Station  and  much  other  evidence  both 
from  this  country  and  abroad  prove  that  limestone  (calcium  car- 
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bonate)  gives  at  least  as  good  and  usually  better  results  than  its 
lime  equivalent  in  other  fomis.  Quicklime  occasionally  appears 
to  injure  land  and  crops  through  its  caustic  properties,  but 
ground  limestone,  being  chemically  neutral,  can  never  harm  either 
soil  or  crop."  This  bulletin  then  gives  data  favoring  ground  lime- 
stone applications. 

In  a  recent  article,  "The  Effect  of  Quicklime  on  Organic  Mat- 
ter in  Soils,*'*  Mr.  F.  E.  Bear  of  the  West  Virginia  Experiment 
Station  summarizes  as  follows,  **The  results  show  that  in  every 
case  the  plots  receiving  quicklime,  as  compared  with  the  plots 
receiving  a  corresponding  fertilizer  application  without  quick- 
lime, show  a  lower  content  of  both  nitrogen  and  carbon.  The 
results  thus  indicate  that  quicklime  does  reduce  the  amount  of 
carbon  and  nitrogen  in  the  soil." 

The  Experiment  Station  of  the  H.  S.  P.  A.  strongly  recom- 
mends the  use  of  lime  as  carbonate.  We  do  not  advocate  burned 
lime  for  the  following  reasons ;  it  is  more  expensive ;  it  is  harder 
to  handle  and,  if  accidentally  moistened,  it  tends  to  cake  badly, 
rendering  uniform  spreading  difficult,  if  not  impossible,  and  it 
burns  out  the  soil's  organic  matter  where  it  is  necessary  to  apply 
it  in  large  quantities. 

Of  the  several  different  varieties  of  lime  carbonate,  i.  e.  coral 
sand,  ground  coral  rock,  ground  limestone,  etc.,  we  recommend 
finely  ground  coral  rock  in  preference  to  coral  sand  providing 
the  former  can  be  profitably  obtained. 

Testing  for  Acidity.  Altho  a  piece  of  litmus  paper  pressed 
against  a  portion  of  moist  soil  will  often  give  one  a  fair,  idea  as 
to  acidity  or  alkalinity,  it  does  not  give  even  an  approximation 
as  to  the  correct  amounts  of  lime  to  apply  per  acre  in  case  lime 
is  required.  Furthermore,  certain  soils  on  these  Islands  are  of 
such  a  pronounced  red  color  as  to  render  inconclusive  the  litmus 
test.  For  these  reasons  we  advise  those  desiring  advice  along 
this  line  to  send  us  samples  of  soil  which  we  will  be  pleased  to 
analyze  and  report  upon.  At  least  a  dozen  methods  have  been 
proposed  for  this  determination.  After  having  tried  out  several 
in  this  laboratory  we  have  returned  again  to  the  Standard  Veitch 
Method  as  modified  by  White.f  Altho  longer  and  more  tedious 
of  manipulation,  we  still  feel  that  the  results  obtained  by  it  are 
more  in  accord  with  field  practice,  both  here  and  on  the  mainland. 

Why  Liming  is  Justified.  Lime  may  well  be  considered  the 
universal  corrector  of  soil  faults.  Physically,  it  improves  tilth 
by  cementing  together  and  rendering  less  pervious  light  sandy 
soils,  and  by  flocculating  the  clay  and  rendering  tractible  stiff. 


♦Journal   American   Society  of  Agronomy,   8    (1916),  No.   2,  pp.   111-113. 
t  See  Appendix,  p.  96. 
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heavy  clay  lands.  Chemically,  it  supplies  one  of  the  essential 
elements  of  plant  food,  calcium ;  it  renders  potash  and  phosphoric 
acid  more  available  to  the  growing  plant,  and,  most  important 
of  all,  it  corrects  soil  acidity,  thus  rendering  a  soil  "sweet*'  and 
capable  of  producing  its  maximum  crop.  Sacteriologically  lime 
is  of  prime  importance.  Very  little  ammonification  and  nitrifica- 
tion can  take  place  in  an  acid  soil,  and  practically  no  nitrogen 
fixation.  Most  legumes  prefer  a  non-acid  soil,  many  of  them 
absolutely  failing  under  acid  conditions.  The  free  living  azoto- 
bacter  forms  of  nitrogen-fixing  bacteria  which  do  not  live  in 
symbiosis  with  legumes,  but  on  the  decomposing  plant  remains  in 
the  soil,  can  take  up  no  nitrogen  from  the  air  if  the  soil  in  which 
they  exist  is  acid  in  reaction.  These  facts  have  all  been  repeated- 
ly verified  and  we  know  them  to  be  correct. 

Experimental. 

The  correct  amounts  of  lime  to  exactly  neutralize  the  soil  acid- 
ity present  in  the  representative  fields  from  the  several  districts 
have  been  determined  and  appear  in  Table  VIII.  It  v/ill  be  recalled 
that  the  surface  soils  vary  in  depth  from  4  to  about  18  inches. 
In  computing  the  table,  allowance  has  been  made  in  each  case  for 
the  proper  surface  soil  depth.  For  convenience,  depending  upon 
the  form  in  which  it  is  desired  to  apply  the  lime,  figures  for  the 
oxide,  the  hydrate  and  the  carbonate  are  given.  Under  each 
form  of  lime  the  first  column  shows  the  number  of  tons  required 
per  acre  to  correct  acidity  in  the  surface  soil;  the  second  column, 
the  amount  to  apply  to  neutralize  the  upper  two  feet  of  the  sub- 
soil, and  the  third,  the  sum  of  these  two,  or  the  amounts  of  lime 
required  by  approximately  the  surface  three  feet  of  soil  (where 
a  great  majority  of  the  sugar  cane  roots  are  found). 
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The  data  here  presented  require  little  comment.  The  most  acid 
soils  appear  along  the  Hilo  and  Hamakua  Coast  where  the  aver- 
age lime  requirement  for  the  surface  soils  is  6.3  tons  per  acre  of 
lime  carbonate.  The  Hilo- Puna  District  comes  next  with  a  lime 
requirement  of  5.3  tons  jof  lime  carbonate  per  acre,  followed  by 
the  Kohala  District  requiring  3.6  tons.  The  surface  soils  of  the 
Kau  District  are,  as  a  rule,  alkaline,  denoting  a  sufficiency  of  lime. 

The  figures  given  in  the  above  table  represent  the  absolute 
amounts  of  lime  necessary  to  completely  neutralize  the  several 
soils.  Whether  it  would  pay  financially  to  add  the  amounts  in- 
dicated for  both  surface  and  subsoils  or  whether  it  would  be  bet- 
ter to  apply  half  or  two-thirds  of  these  quantities  is  a  question 
which  can  only  be  answered  by  experiment  for  it  appears  that 
cane  is  very  resistant  to  soil  acidity  as  has  been  shown  by  past 
crops  on  acid  lands.  There  is  no  doubt  however  but  that  the 
neutralization  of  the  surface  soils  would  pay,  for  practically  all 
beneficial  bacterial  action  occurs  in  this  layer.  The  benefits  of 
liming  are  strikingly  shown  in  the  bacteriological  studies  which 
follow. 

As  has  been  stated  above,  we  strongly  advise  the  use  of  car- 
bonate of  lime.  It  happens  that  there  are  two  diflferent  varieties 
of  lime  carbonate  obtainable  upon  these  Islands;  finely  ground 
coral  limestone,  and  coral  sand.  From  experiments  conducted  at 
this  station  on  the  abilities  of  these  two  forms  of  carbonate  to 
correct  soil  acidity,  we  have  shown  that  one  and  one-half  tons 
of  the  coral  sand  are  approximately  equivalent  to  one  ton  of  the 
finely  ground  coral  limestone.*  Thus,  where  coral  sand  is  to  be 
applied,  the  figures  in  the  "Carbonate  of  Lime"  columns  of  Table 
VIII  should  be  multiplied  by  one  and  one-half  to  give  correct 
amounts  of  this  material  to  apply. 

(c)     ALKALI    WORK. 

While  it  was  deemed  highly  improbable  that  alkali  salts  (so- 
dium chloride,  sodium  sulfate  and  sodium  carbonate)  could  exist 
for  any  length  of  time  in  soils  receiving  Hawaii's  rainfall,  never- 
theless it  was  decided  to  analyze  the  soils  for  these  ingredients 
as  a  precautionary  measure,  for  Lahaina  cane,  it  will  be  remem- 
bered, first  gave  out  on  Hawaii,  and  we  are  inclined  to  attribute 
its  deterioration  on  the  other  Islands,  in  part  at  least,  to  the 
presence  of  these  toxins. 

Accordingly  all  of  the  surface  soils  were  analyzed  by  the  "New 
Method" t  for  alkali  with  the  results  set  forth  in  Table  IX. 


*  "Finely-Ground    Coral    Rock    vs.    Coral    Sand    as    a    Corrector    of    Soil    Acidity,' 
by  P.  S.  Burgess,  Planters'  Record  for  March,   1917,  pp.  212-219. 

t  See  Planters'  Record,  Vol.  XIV,  Xo.  5,  p.  322 ;   also  Appendix,  p.  98. 
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TABLE  IX. 


Percentages  of  Alkali  Salts  in  Hawaii  Soils. 


f^        *  V 

White 

Black 

^^         • « 

White 

Black 

Soil 

Alkali, 

Alkali, 

Soil 

Alkali, 

Alkali, 

Number 

%  NaCl 

1  %  NajCOa 

Number 

%  Naa 

%  NagCOa 

1  A 

0.015 

0 

20  A 

0.015 

0 

2  A 

.015 

0 

21  A 

.050 

0 

3  A 

0 

0 

22  A 

.015 

0 

4A 

.010 

0 

23  A 

.010 

0 

5  A 

.015 

0 

24  A 

.015 

0 

6A 

.020 

0 

25  A 

0 

0 

7  A 

.010 

0 

26  A 

0 

0 

8A 

.015 

0 

27  A 

.010 

0 

9A 

.015 

.004 

28  A 

0 

0 

10  A 

.010 

.009 

29  A 

0 

0 

11  A 

.005 

trace 

30  A 

.015 

0 

12  A 

.015 

trace 

31  A 

0 

0 

13  A 

0 

trace 

32  A 

.015 

0 

14  A 

.010 

0 

33  A 

0 

0 

15  A 

.008 

0 

34  A 

0 

0 

16  A 

.005 

0 

35  A 

.010 

0 

17  A 

.010 

0 

36  A 

0 

0 

18  A 

.030 

0 

!      37  A 

.010 

0 

19  A 

.020 

0 

38  A 

.020 

0 

Qualitative  tests  were  made  in  each  case  for  water  soluble  sul- 
fates with  uni formally  negative  results. 

A  discussion  of  the  results  portrayed  in  Table  IX  would  be 
superfluous,  for  the  amounts  of  alkali  in  all  cases  are  far  too 
low  to  cause  trouble. 

CHAPTER  V. 


BACTERIOLOGICAL   SOIL   STUDIES. 

A  detailed  account  of  the  importance  of  bacteria  to  soil  fer- 
tility appeared  in  Chapter  I. 

For  convenience  in  tabulation  and  discussion,  the  bacteriolog- 
ical studies  on  these  soils  have  been  divided  into  three  parts; 
first,  the  ammonification  in  soils  of  nitrogenous  organic  matter, 
which  is  the  first  step  in  accomplishing  nitrogen  availability;  sec- 
ond, nitrification,  or  the  oxidation  of  ammonia  thus  formed  to 
nitrates;  and  third,  nitrogen  fixation,  or  the  power  of  a  soil, 
through  certain  forms  of  bacteria  living  therein  to  transform 
atmospheric  nitrogen  into  the  protein  of  their  own  body  cells 
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which  subsequently,  by  the  first  two  processes  named,  is  convert- 
ed into  suitable  forms  for  plant  use. 

Ammonification,  When  organic  matter  of  any  kind  is  added 
to  a  soil  it  decays.  At  first  insects  and  the  lower  forms  of  plant 
and  animal  life,  as  molds,  fungi  and  earthworms,  act.  These 
are  closely  followed  by  the  cellulose-destroying  bacteria,  which 
by  means  of  the  enzyme  cytase,  dissolve  the  cellulose  which  com- 
poses over  90%  of  the  cell  walls  of  this  dead  material.  The 
great  army  of  ammonifying  bacteria  here  step  in  and,  by  means 
of  the  proteolitic  enzymes  which  they  secrete,  transform  the  in- 
soluble plant  and  animal  protein-nitrogen  into  ammonia.  This, 
in  the  soil  solution,  at  once  forms  ammonium  carbonate. 
Thus  the  first  great  step  in  the  transformation  of  soil  nitrogen 
is  accomplished.  A  neutral  or  slightly  alkaline  soil  is  not  as 
essential  to  this  process  as  is  the  case  with  either  nitrification  or 
nitrogen  fixation.  Experiments  have  shown  that  available  phos- 
phoric acid  and  large  quantities  of  decomposing  organic  matter 
are  here  of  most  benefit. 

All  of  the  surface  soils  sampled  were  examined,  by  the 
standard  method*  now  in  vogue,  for  their  ammonifying  powers. 
These  results  appear  in  Table  X  which  follows.  The  figures  are 
averages  of  closely  agreeing  duplicate  determinations  in  each 
case. 


*  See  Appendix,  p.  97. 
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TABLE  X. 
Ammonification  Results. 


Ammonia 

1 

Ammonia 

\ 

Nitrogen 

^c  of  added 

Nitrogen 

%  of  added 

Soil  No. 

;  per  Culture, 

Nitrogen 

i    Soil  No. 

per  Culture, 

Nitrogen 

1    *                                      ' 

,      Mgms. 

Ammonified 

1 

1 

Mgms. 

Ammonified 

Hilo-Puna  Distr 

ict. 

1 

;                   Kohala   District. 

1  A 

18.50 

13.70 

'       25A        1 

22.40 

16.60 

2  A 

25.50 

18.89 

26  A 

28.98 

21.47 

3  A 

25.91 

19.20 

27  A 

17.64 

13.06 

4  A 

32.50 

24.07 

28  A 

42.84        1 

31.74 

36  A 

16.66 

12.34 

32  A 

25.34 

18.77 

37  A 

16.38 

12.13 

33  A 

22.40 

16.60 

38  A 

17.22 

12.75 

34  A 

28.28 

20.95 

Average 

21.81 

16.15 

■       35  A 

19.18 

14.20 

29  A 

30  A 

16.31 
24.22 

12.08 
17.94 

Hilo  and  Hamakua  Coa 

St  District. 

31  A 
'   Average 

30.24 
25.25 

22.40 
18.71 

5  A 

18.40 

13.63 

6A 

15.00 

11.11 

1 

7  A 

11.30 

8.37 

\ 

Kau  District 

1 

8  A 
23  A 

21.60 
23.10 

16.00 
17.11 

9A 

7.20 

5.33 

24  A 

25.90 

19.18 

!       10  A 

27.30 

20.22 

21  A 

14.00 

10.37 

11  A 

10.30 

7.63 

22  A 

23.50 

17.40 

12  A 

12.60 

9.33 

18  A 

27.30 

20.22 

13  A 

28.00 

20.74 

19  A 

18.90 

14.00 

Average 

17.08 

12.65 

20  A 

10.20 

7.55 

16  A 

14.00 

10.37 

17  A 

22.20 

16.44 

14  A 

20.60 

15.26 

15  A 

28.10 

20.81 

Average 

19.60 

14.52 

These  ammonification  figures  are  considerably  below  those  for 
a  majority  of  mainland  soils  altho  the  amounts  of  nitrogen  trans- 
formed are  sufficient  for  good  cane  yields  providing  nitrification 
subsequently  keeps  pace  with  this  process.  Later  results  will 
show  this  hardly  to  be  the  case.  The  soils  of  the  Kohala  District 
lead  in  their  abilities  to  produce  ammonia  from  organic  nitrogen, 
closely  followed  by  those  of  the  Hilo-Puna  District,  the  Hilo 
and  Hamakua  Coast  District  and  the  Kau  District,  in  the  order 
named.  That  soil  acidity  has  little  eflfect  on  ammonification  is 
well  illustrated  by  these  average  results,  the  alkaline  soils  of  the 
Kau  area  making  the  poorest  showing  of  all.  A  portion  of  the 
ammonia  nitrogen  here  originally  formed  has  doubtless  been 
transformed  during  incubation  into  nitrate  by  the  vigorous  nitri- 
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fying  flora  of  these  alkaline  soils,  which,  of  course,  would  tend 
to  lower  apparent  ammonification.  The  higher  figures  for  the 
more  acid  districts  confirm  certain  of  Kelley's  results.  He  states,t 
"From  the  experiments  recorded  it  has  been  shown  that  cal- 
cium carbonate  (lime)  produced  only  slight  stimulation  of  am- 
monification of  dried  blood  and  soy  bean  cake  meal  in  most  of 
the  [acid]  soils  studied." 

It  is  interesting  to  note  that  active  ammonification  follows 
closely  the  available  plant  food  content  of  the  several  districts. 
This  is  not  universally  true  for  potash,  but  here  we  are  probably 
dealing  with  an  element  which  is  present  in  sufficient  quantities 
for  this  process  in  all  of  the  soils  studied.     (See  Table  IV). 

In  conclusion  it  may  be  stated  that,  altho  not  high,  ammonifi- 
cation is  probably  not  generally  limiting  nitrogen  availability  in 
these  soils. 

Nitrification.  This  is  the  second  and  final  step  in  the  bacterial 
preparation  of  nitrate-nitrogen  in  soils.  The  ammonia,  as  formed 
above  by  the  ammonifying  species  of  bacteria,  is  here  oxidized, 
first  to  nitrites,  and  finally  to  nitrates.  The  great  practical  impor- 
tance of  nitrification  is  evident  when  once  we  consider  that  vir- 
tually all  dry  land  crops  of  necessity  take  up  the  great  bulk  of 
their  nitrogen  in  the  form  nitrates.  Though  it  is  known  that 
plants  are  able  to  utilize  ammonia-nitrogen  to  a  limited  extent, 
physiological  disturbances  follow  where  this  form  alone  is  obtain- 
able. 

The  following  conditions  are  essential  for  the  production  of 
soil  nitrates:  1st.  The  presence  of  the  nitrifying  bacteria  in  suf- 
ficient numbers;  2nd,  proper  moisture  and  temperature  condi- 
tions ;  3rd,  good  aeration  to  supply  the  necessary  oxygen  for  oxi- 
dation ;  4th,  an  alkaline  soil  reaction  to  neutralize  the  nitrous  and 
nitric  acids  as  they  are  produced. 

This  latter  point  is  well  borne  out,  not  only  by  our  experiments 
which  follow  but  also  by  White  of  the  Pennsylvania  Station.* 
He  shows  that,  while  nitrification  does  not  absolutely  cease  in 
very  acid  soils,  it  is  far  below  that  for  neutral  or  alkaline  lands. 
Referring  to  the  very  acid  soils  of  the  ammonium  sulfate  plot, 
he  states,  "Applications  of  burned  lime  and  ground  limestone  to 
soil  from  this  plot  materially  stimulated  the  activity  of  nitrifying 
organisms.    Magnesian  lime  gave  higher  nitrates  than  pure  lime." 

The  effect  of  low  temperatures  in  checking  nitrification  as  well 
as  other  beneficial  bacterial  processes  is  readily  noted  in  retarded 


t  Bulletin  No.  37  of  the  Hawaii  Experiment  Station,  "Ammonification  and  Nitri- 
fication in  Hawaiian  Soils." 

*  "Nitrification  in  Relation  to  the  Reaction  of  the  Soil,"  Penn.  Annual  Report, 
1914.  pp.  70-80. 
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cane  growth  during  the  cooler  winter  months,  when,  as  a  rule, 
nitrate  fertilization  is  advisable  to  "boost  the  cane  along."  This 
is  especially  true  at  the  higher  elevations.  That  proper  moisture 
conditions  must  prevail  goes  without  sayint^,  for  no  nitrates  can  be 
produced  in  either  dry  or  waterlogged  soil. 

Nitrification  is  accomplished  by  the  addition  of  atmospheric 
oxygen  to  the  ammonium  carbonate  molecule  as  per  the  following 
equations : 

(NHJ2C03+60=2HX()2+HX03+2H,0  (nitrous  acid). 

2HN02+CaC03(base)=Ca(N02)2+C02+H20  (nitrites). 

Ca(NO.)a+20=Ca(N03)2  (nitrates). 

It  thus  follows  that  any  cultivation  process  which  tends  to 
aerate  the  soil  will  result  in  enhanced  nitrate  production. 

The  effect  on  nitrification  of  neutralizing  these  acid  Hawaii 
soils  with  lime  carbonate  will  be  discussed  later  after  inserting 
Table  XI.  This  table  presents  all  of  the  nitrification  data  and 
will  repay  detailed  study.  Six  complete  series  of  nitrification 
experiments  were  performed. 

The  first  two  columns  give  the  laboratory  numbers  as  well  as  the 
plantations  from  whence  the  soil  samples  came.  The  third  col- 
umn shows  the  amounts  of  nitrate  nitrogen  in  100  gram  portions 
of  the  original  soils  as  taken  from  the  fields  and  dried.f  The 
horizontal  lines  of  figures  labeled  ** Average"  present  the  averages 
in  the  several  columns  for  the  surface  soils  of  each  district,  thus 
giving  comparable  results  directly  across  the  page  as  only  the 
surface  soils  were  used  in  the  last  three  series.  The  six  series 
will  be  discussed  separately,  after  which  the  average  figures  for 
the  several  districts  will  receive  brief  attention. 

Series  1.  In  this  series  no  extra  nitrogen  was  added.  The 
soils  were  incubated  for  28  days  at  proper  moisture  and  temper- 
ature, the  object  being  to  ascertain  how  much  of  the  soil's  own 
organic  nitrogen  it  could  convert  into  nitrate  under  standard  con- 
ditions. With  this  learned,  the  rate  at  which  the  soil  nitrogen 
was  made  available  as  well  as  the  total  amounts  of  nitrate  nitro- 
gen produced  per  crop  could  be  fairly  accurately  estimated.  The 
average  figures  thus  obtained  for  each  district  (as  calculated 
from  Table  XI)  have  already  been  presented  in  the  lower  two 
columns  of  Table  V. 

The  first  column  of  Series  1  shows  the  total  amounts  of  nitrate 
nitrogen  found  per  culture  (expressed  as  milligrams  of  nitro- 
gen), while  the  second  column  shows  the  percentages  of  the  soils* 
original  total  nitrogen  (see  Table  III,  last  column)  which  have 


t  As  100  frrftms  of  dry  soil  is  the  amount  taken  for  each  of  the  nitrification  cnl- 
tares,   these  blanks  may  be  directly  compared  with  any  culture  of  the  same   soil. 
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been  nitrified.  As  would  be  expected,  in  practically  all  cases  the 
surface  soils  excell  in  nitrifying  their  own  nitrogen.  The  average 
amount  of  soil  nitrogen  converted  into  nitrate  nitrogen  for  the 
surface  soils  of  the  entire  island  is  3.06  mgms.  per  culture  or 
0.44%  of  the  total  nitrogen  therein  present,  while  similar  figures 
for  the  subsoils  are  0.90  mgms.  or  0.15%  converted.  These  fig- 
ures are  low  when  compared  with  mainland  soils.  Some  years 
ago  while  at  the  California  Experiment  Station  the  writer  con- 
ducted a  prolonged  series  of  nitrification  tests  on  soils  obtained 
from  the  experiment  station  grounds  of  each  state  and  territory 
in  the  United  States  besides  several  of  the  insular  stations  and 
Canada,  using  dried  blood,  ammonium  sulfate  and  cotton  seed 
meal  as  the  sources  of  nitrogen.*  As  these  experiments  were 
conducted  in  the  same  manner  as  those  reported  in  this  bulletin, 
they  may  be  directly  compared.  The  figures  appearing  at  the 
bottom  of  Table  XI  are  averages  of  these  tests  and  should  fairly 
well  represent  the  average  nitrifying  powers  of  mainland  soils. 
The  average  amounts  of  residual  nitrate  in  the  field  soils  of  Ha- 
waii and  the  United  States  are  almost  identical  (column  three), 
but  the  amounts  of  soil  nitrogen  made  available  on  incubation  are 
over  five  times  as  great  in  American  soils  as  in  those  of  Hawaii 
(columns  4  and  5).  This  is  doubtless  due  in  part  at  least  to  the  ex- 
cessive soil  acidity  in  these  Hawaii  soils.  It  cannot  be  due  to  lack 
of  soil  nitrogen  for  Hawaii  soils  carry  two  or  three  times  as  much 
of  this  element  as  the  average  soils  of  the  United  States. 

There  is  a  loss  of  original  nitrate  (doubtless  supplied  in  fer- 
tilizers) in  two  cases,  indicating  denitrification,  and  no  nitrate 
production  in  four  other  cases.  Of  these  six  cases,  but  one  sur- 
face soil  is  at  fault.  This  is  exceptionally  good  when  we  con- 
sider the  large  number  of  soils  examined,  and  bespeaks  the  fact 
that  the  nitrifying  bacteria  are  universally  distributed  in  these 
soils  and  simply  await  proper  conditions  (neutralization  of  soil 
acidity)  to  spring  into  activity.  Later  discussion  will  prove  this 
point. 

Series  II.  Here  ammonium  sulfate  at  the  rate  of  0.2  gram 
per  culture  (42.4  mgms.  of  nitrogen  per  100  grams  of  soil)  was 
used.  This  is  equivalent  to  an  application  of  about  2  tons  of 
ammonium  sulfate  per  acre,  but,  as  the  standard  period  of  incu- 
bation is  but  4  weeks,  these  quantities  have  been  proven  neces- 
sary. As  will  be  seen  upon  consulting  columns  6  and  7,  Table 
XI,  this  material  is  quite  readily  nitrified  even  in  some  of  the 
more  acid  soils.     Whereas  but  23.75%  of  the  nitrogen  in  am- 


*  A    full    account   of   this   work   may   be   found   in    The   Journal   of   A^ieultural 
Research,  Vol.  VII.  No.  2,  pp.  47-82. 
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monium  sulfate  is  nitrified  in  the  average  mainland  surface  soil 
during  the  4  weeks  incubation  period,  48.9%  is  changed  to  nitrate 
as  an  average  on  Hawaii.  As  remarked  in  a  previous  article,t 
the  plantation  soils  of  the  entire  Hawaiian  Group  are  very  vigor- 
ous in  their  abilities  to  nitrify  ammonium  sulfate.  The  reason 
for  this  is  somewhat  abscure  unless  it  be  that  continued  applica- 
tion of  this  material  as  fertilizer  has  increased  the  ability  of  the 
nitrifiers  to  transform  it.  This  has  been  brought  about  either  by 
an  actual  modification  of  nitrifying  species,  or  by  a  gradual  inure- 
ment to  ammonium  sulfate  nitrogen  by  those  nitrifying  bacteria 
present  from  the  first.  It  is  at  least  worthy  of  note  that  on 
virgin  Island  soils  organic  forms  of  nitrogen  are  nitrified  almost 
as  readily  as  is  sulfate  nitrogen. 

The  subsoils,  while  lower,  also  do  their  best  work  with  the 
nitrogen  of  ammonium  sulfate. 

Series  III,  Dried  blood  at  the  rate  of  0.3  gram  per  culture 
(40.5  mgms.  of  nitrogen  per  100  grains  of  soil)  was  here  supplied 
as  the  source  of  nitrogen.  This  quantity  of  dried  blood  was  used 
for  two  reasons  (1  gram  of  this  material  per  culture  has  here- 
tofore oidinarily  been  supplied).  It  was  desired  here  to  compare, 
as  nearly  as  possible,  equal  quantities  of  nitrogen  (ammonia 
nitrogen  and  organic  nitrogen),  and  W.  P.  Kelley  *  has  recently 
shown  that  smaller  quantities  of  blood  nitrogen  are  not  only  more 
readily  nitrified  in  soils,  but  also  show  slight  differences  in  their 
nitrifying  abilities  to  better  advantage  than  do  larger  amounts. 

A  glance  at  Table  XI  shows  blood  nitrogen  to  be  but  poorly 
nitrified.  This  is  especially  true  of  the  subsoils  where,  in  three 
cases,  there  is  a  decided  loss  of  nitrates  showing  active  denitri- 
fication.  Why  the  nitrification  of  ammonium  sulfate  should  be 
good  and  that  of  dried  blood  the  reverse  is  puzzling.  As  the 
latter  must  first  be  ammonified  before  it  can  be  converted  into 
nitrate,  it  might  be  argued  that  this  first  step  is  at  fault,  but  the 
ammonification  figures  presented  in  Table  X,  while  slightly  below 
the  average,  would  hardly  bear  out  this  contention,  for,  in  the  al- 
kaline soils  of  the  Kau  District  where  the  ammonification  of  blood 
nitrogen  is  lowest,  we  find  its  maximum  nitrification.  Be  that  as 
it  may,  I  should  not  argue  for  the  application  of  dried  blood 
nitrogen  (which  costs  more  than  either  nittate  or  sulfate  nitro- 
gen) to  these  Hawaii  soils.  By  comparing  the  "Averages  for 
Hawaii"  and  the  "Averages  for  the  United  States"  at  the  foot  of 
Table  XI  it  will  be  seen  that  the  soils  of  the  two  areas  behave 


t  See  The  Planters'   Record  for  June.   1916,  p.  369. 

*  See  **Some  Sufrfrestions  on  Methods  for  the  Study  of  Nitrification,"  Science, 
n.s..  Vol.  43,  pp.  30-33.  Also,  "Nitrification  in  Semiarid  Soils — I,"  Jour.  Agr. 
Research,  Vol.   VII,   No.   10    (Dec.   4.   1916),  pp.  417-437. 
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exactly  oppositely.  The  soils  of  Hawaii  convert  twice  as  much 
ammonium  sulfate  nitrogen  into  nitrate  as  is  the  case  with  blood 
nitrogen,  while  of  mainland  soils  (excepting  in  certain  arid  dis- 
tricts) the  reverse  is  true. 

Series  IV.  As  viewed  from  a  practical  standpoint,  this  is  the 
most  important  series  presented  in  Table  XI.  In  this  and  in  the 
remaining  series  the  surface  soils  only  were  used.  The  same 
amounts  of  dried  blood  nitrogen  were  here  added  as  in  Series 
III,  and  besides  this,  enough  lime  carbonate  (see  Table  VIII)  to 
exactly  neutralize  each  soil's  acidity,  the  object  being  to  note  the 
effect  of  lime  applications  on  nitrification  (nitrogen  availability). 
To  state  that  the  results  are  striking  is  to  express  it  mildly.  Let 
us  compare  the  percentages  of  blood  nitrogen  transformed  as 
given  in  column  9  with  the  percentages  of  blood  nitrogen  nitrified 
where  lime  zvas  added  as  presented  m  column  11.  In  a//  cases 
liming  increased  nitrification;  in  12  cases  over  1^  times  as  much 
nitrate  was  produced ;  in  13  cases,  over  twice  as  much ;  in  2  cases, 
over  three  times  as  much ;  in  one  case,  over  four  times  as  much, 
and  in  one  case,  19  times  as  much.  As  an  average  for  the  entire 
Island,  where  dried  blood  is  used  alone,  29.0%  of  its  nitrogen  is 
nitrified ;  where  dried  blood  plus  lime  is  used  49.9%  of  the  blood 
nitrogen  is  transformed.  None  of  the  materials  hereafter  de- 
scribed can  be  compared  with  lime  as  a  stimulant  for  nitrification 
in  these  soils.  If,  by  adding  lime  (the  cheapest  material  which 
we  apply  to  our  soils),  we  can  enhance  nitrification  two  or  three 
fold,  the  wisdom  of  such  a  procedure  would  be  self-evident. 
But  not  only  do  we  favor  nitrification  alone  by  so  doing.  We  aid 
and  increase  all  beneficial  bacterial  activity.  We  improve  physi- 
cal conditions.  We  contribute  to  a  better  physiological  growth 
of  the  cane  plant,  and  finally,  due  to  all  of  these  factors,  increased 
yields  are  bound  to  result. 

Series  V.  In  this  series  the  same  amount  of  blood  nitrogen 
was  added  as  in  Series  III,  plus  0.2  gram  of  gypsum  (approxi- 
mately 2  tons  per  acre). 

It  is  a  well  known  fact,  both  on  the  mainland  and  abroad,  that 
gypsum  as  a  rule  tends  to  stimulate  nitrification,  and  as  one  ob- 
ject of  this  work  was  to  study  nitrogen  availability  in  these  soils, 
it  was  thought  worth  while  to  here  test  out  the  effect  of  gypsum. 
Just  how  gypsum  stimulates  nitrification  is  not  known  unless  it 
be  in  supplying  calcium  and  sulfur  in  soluble  forms,  for  the  mate- 
rial is  a  neutral  salt  and  has  no  power  to  correct  soil  acidity.  A 
comparison  of  Series  III  with  Series  V  shows  that  in  these  soils 
gypsum  has  little  effect.  Its  use  gives  a  slight  increase  in  the 
Hilo-Puna  District,  but  small  decreases  in  the  others.  The 
average  for  all  shows  that,  where  dried  blood  is  used  alone,  29.0% 
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of  its  nitrogen  is  converted  while,  where  blood  plus  gypsum  is 
employed,  27.3%  is  nitrified.  These  findings  corroborate  results 
recently  obtained  at  the  Wisconsin  Agricultural  Experiment  Sta- 
tion.* Several  experiments  there  showed  that,  with  the  soils 
studied,  the  incorporation  of  calcium  sulfate  (gypsum)  had  no 
perceptible  eflFect  on  the  total  numbers  of  bacteria  growing  on 
gelatine  plates,  nor  on  the  production  of  ammonia  or  nitrates 
within  those  soils,  while  the  addition  of  free  sulfur  considerably 
reduced  nitrification.  On  the  other  hand,  gypsum  stimulated 
the  growth  of  the  nodule  or  legume  bacteria. 

Series  V.  Here  the  same  amount  of  dried  blood  was  again 
used  as  in  Series  III,  plus  0.2  gram  of  reverted  phosphate.  In 
these  high  iron  soils  available  phosphoric  acid  is  often  present  in 
limited  amounts.  As  the  nitrifying  bacteria  use  considerable 
quantities  of  this  element  in  their  life  processes  it  was  thought 
advisable  to  ascertain  if,  by  any  chance,  the  small  amounts  of 
xeadily  available  phosphoric  acid  present  in  a  majority  of  these 
soils  (see  Table  IV)  could  indirectly  be  limiting  nitrate  produc- 
tion. Besides  the  phosphoric  acid  in  reverted  phosphate  there 
are  also  present  considerable  quantities  of  soluble  calcium,  but 
as  Series  V  has  shown,  this  element  when  in  a  neutral  or  acid 
salt  has  practically  no  effect  on  nitrification. t  Thus  any  stimu- 
lation noted  in  this  series  is  due,  in  large  part  at  least,  to  the  solu- 
ble phosphoric  acid  supplied. 

A  perusal  of  the  results  tabulated  under  Series  VI  shows  that 
stimulation  has  accrued  from  the  use  of  reverted  phosphate.  In 
but  three  instances,  and  these  are  in  the  Kohala  District  where 
large  quantities  of  available  phosphoric  acid  are  found,  does 
this  material  fail  to  give  decidedly  increased  yields  of  nitrate. 
A  comparison  of  the  second  columns  of  Series  III  and  VI  shows 
that,  for  all  districts,  reverted  phosphate  has  increased  nitrifica- 
tion. As  an  average  for  the  entire  Island,  this  material  has  in- 
creased the  percentage  of  dried  blood  nitrogen  nitrified  from 
29%  to  38.87c>. 

Let  us  now  briefly  discuss  the  average  nitrification  results  for 
each  of  the  four  districts.  The  original  nitrate  contents  of  the 
surface  soils  are  all  quite  similar,  requiring  little  comment. 

HilO'Puna  District,  Altho  the  soils  here  carry  the  largest 
amounts  of  total  nitrogen,  their  abilities  to  transform  it  are  the 
lowest  (0.16%).  Two  causes  are  doubtless  paramount;  1st., 
climatical  conditions;  2nd.,  soil  acidity.    The  excessive  rains  in 


♦See  ''The  Eflfect  of  Elemental  Sulfur  and  of  Calcium  Sulfate  on  Certain  of 
the  Higher  and  Lower  Forms  of  Plant  Life,"  by  W.  Pitz,  Journal  of  Agricultural 
Research,    Vol.    V,    pp.    771-780    (1916). 

t  "Baker's  C.  P.  Analyzed"  dicalcium  phosphate  was  used.  It  was  acid  to 
litmus. 


78 

this  district  coupled  with  imper\'ious  subsoil  conditions  in  many 
cases  (see  page  58),  militate  against  proper  drainage,  while  the 
cold,  damp  weather  at  higher  elevations  tends,  in  addition,  to 
depress  nitrification.  The  optimum  conditions  of  moisture  and 
temperature  at  which  the  soil  cultures  are  maintained  in  the 
laboratory  probably  contribute  to  higher  results  for  all  mauka 
soils  and  hence  to  a  lessening  of  the  differences  which  actually 
exist  between  mauka  and  makai  soils  in  the  field.  This  would 
be  equally  true  for  each  district  examined.  That  soil  acidity  also 
plays  a  leading  part  is  shown  by  a  comparison  of  th^  average  per- 
centages of  blood  nitrogen  transformed  (see  averages  for  Series 
m  and  IV)  with  and  without  lime. 

Ammonium  sulfate  is  nitrified  in  these  soils  with  far  greaater 
ease  than  blood.  The  averages  for  these  two  materials  are 
54.9%  and  32.5%  respectively. 

Gypsum  has  but  little  effect  on  nitrogen  transformation  in  this 
district.  Reverted  phosphate,  on  the  other  hand,  increases  it  by 
13.5%. 

Hilo  and  Hatnakua  Coast  District.  Nitrification  is  here  at  its 
lowest  ebb*  This  is  especially  true  of  the  mauka  soils.  It  will  be 
remembered  that,  in  this  district,  we  find  the  most  acid  soils, 
which  goes  far  toward  explaining  this  untoward  bacteriological 
condition. 

Ammonium  sulfate  is  here  also  nitrified  with  greater  ease  than 
dried  blood. 

Neutralizing  soil  acidity  practically  doubles  nitrification  as  an 
average  for  the  district,  while  in  many  cases  it  multiplies  it  by 
three  and  four.  Applications  of  gypsum  tend  to  lower  nitrifica- 
tion, while  little  benefit  accrues  from  the  use  of  reverted  phos- 
phate. That  lack  of  lime  is  here  the  chief  factor  limiting  nitro- 
gen availability  cannot  be  disputed.  In  this  district,  provided 
lime  is  not  added,  nitrate  of  soda  in  small,  regular  applications 
is,  I  am  convinced,  the  best  form  of  nitrogen  to  apply.  Excep- 
tions to  this  statement  may  be  made  for  certain  of  the  less  acid 
makai  fields,  but  even  here  a  mixture  of  nitrate  and  sulfate  would 
probably  give  better  results  than  applications  of  organic  nitrogen 
other  than  green  leguminous  manures. 

There  are  several  cases  in  this  district  where,  upon  incubation, 
the  mauka  subsoils  show  a  loss  of  original  nitrate.  The  denitri- 
fying bacteria  in  these  soils  have  doubtless  been  fostered  in  the 
past  by  conditions  which  have  benefited  their  growth  and  multi- 
plication, i.  e.,  poor  aeration  due  to  waterlogging,  large  amounts 
of  organic  matter,  and  liberal  applications  of  nitrate  of  soda 
which,  thru  leaching,  have  readily  found  their  way  below. 

Kohala  District,    These  soils,  both  chemically  and  bacteriolog- 
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ically,  are  among  the  best  on  the  Island.  As  will  be  remembered, 
the  amounts  of  available  mineral  plant  food  in  this  district  were 
second  only  to  Kau.  The  same  is  true  for  nitrogen.  Twenty- 
four  percent  of  the  nitrogen  in  dried  blood  was  nitrified  during 
the  incubation  period,  while  thirty-nine  percent  was  the  average 
for  the  district  where  ammonium  sulfate  nitrogen  was  supplied 
in  equal  amounts. 

Upon  neutralizing  the  soils  with  lime  carbonate,  approximately 
twice  as  much  blood  nitrogen  was  transformed.  The  addition 
of  gypsum  slightly  depressed  nitrification,  while  reverted  phos- 
phate had  practically  no  effect.  Here  again  lime  is  the  soil 
amendment  needed. 

Kau  District.  The  soils  of  this  district  may  well  be  considered 
the  best  on  Hawaii  when  viewed  from  either  the  physical,  chem- 
ical or  bacteriological  standpoint.  Climate  here  is  doubtless  the 
limiting  factor  in  cane  production.  Nitrification  is,  in  this  afea, 
at  its  best.  Over  38%  of  the  added  blood  nitrogen  and  nearly 
63%  of  the  sulfate  nitrogen  as  averages  for  the  entire  district, 
were  transformed  during  the  month's  incubation  period. 

In  an  endeavor  to  ascertain  the  eflFect  on  nitrification  of  lime 
applications  to  soils  already  plentifully  supplied  with  this  mate- 
rial and  alkaline  in  reaction,  applications  at  the  rate  of  2  tons 
per  acre  (0.2  gram  per  culture)  were  made  to  the  soils  of  this 
district.  The  results  appear  under  Series  IV  of  this  district. 
The  alkaline  soil  No.  27A  from  the  Hawi  Mill  and  Plantation 
Company  was  also  included  in  this  test.  Without  exception  nitri- 
fication is  increased  in  already  alkaline  soils  by  further  additions 
of  lime  carbonate.  A  reason  for  this  is  hard  to  find  unless  it  be 
that  lime  applications  here  enhance  physical  conditions.  I  should 
not,  however,  advocate  the  use  of  lime  on  lands  already  well 
supplied,  for  without  it,  nitrification  proceeds  with  sufficient 
rapidity  to  readily  meet  crop  demands.  Excessive  nitrification 
often  results  in  nitrogen  losses. 

Applications  of  gypsum  to  these  soils  slightly  depress  nitri- 
fication, while  a  considerable  gain  follows  the  addition  of  simi- 
lar quantities  of  reverted  phosphate.  It  will  be  recalled  that  the 
higher  fields  in  Kau  are  not  well  supplied  with  available  phos- 
phoric acid. 

Nitrogen  Fixation,  As  has  already  been  stated  in  Chapter  1, 
there  are  three  large  families  (species)  of  soil  bacteria  whose 
mission  is  the  fixation  of  free,  atmospheric  nitrogen.*     These 


*  There  are  several  species  of  molds  which  are  said  to  fix  small  amounts  of  free 
nitrof^en,  but  the  amounts  so  fixed  are  negligible  when  compared  with  the  nitrogen 
fixed  by  bacteria. 

See  "Nitrogen  Fixation  by  Yeasts  and  other  Fungi,"  by  Chas.  B.  Lipman,  Jour. 
Biol.  Chem..  Vol.  X.  pp.  169- 182. 


80 

classes  of  bacteria  are  able  to  use  gaseous  nitrogen  as  food  in 
much  the  same  way  as  the  higher  plants,  which,  by  means  of 
the  chlorophyll  within  their  leaves,  are  able  to  assimulate  and 
build  the  carbon  dioxide  gas  of  the  air  into  the  starches  and 
sugars  which  go  to  make  up  their  body  substance.  These  three 
species  of  nitrogen  fixing  bacteria  are;  the  radicicola  species 
which  live  symbiotically  in  the  nodules  on  the  roots  of  legimiinous 
plants ;  the  azotobacter  species  which  are  free-living  in  the  soil 
and  derive  the  energy  required  for  nitrogen  assimulation  from 
carbonaceous  organic  matter,  and  the  Clostridium  species  which 
are  also  free-living  in  the  soil,  but  which  prefer  the  more  anaero- 
bic subsoil  conditions.  This  latter  species  also  derives  its  energy 
from  soil  organic  matter.  The  first  two  are  by  far  the  most 
important,  the  last  named  being  very  wasteful  of  carbohydrate 
materials  oxidized  per  unit  of  nitrogen  fixed. 

That  the  growing  of  legumes  is  a  practice  to  be  fostered  where 
possible  will  not  be  disputed,  but  there  are  good  reasons  why  this 
practice  cannot  now  be  universally  adopted  on  the  plantations  of 
these  Islands  with  profit.  It  is  thus  the  free-living,  non-symbiotic 
nitrogen-fixing  species  of  bacteria,  living  and  functioning  within 
our  soils  at  all  times  where  conditions  are  correct,  which  are  of 
more  importance  to  us  at  this  time.  Of  these  two  species  the  more 
important  azotobacter  family  will  be  here  briefly  discussed. 
Some  ten  diflferent  varieties  of  this  species  have  so  far  been  dis- 
covered. The  nitrogen  fixed  by  this  class  of  micro-organisms  is 
present  in  the  bacterial  cells  as  insoluble  protein  nitrogen  (simi- 
lar to  the  organic  nitrogen  of  cotton  seed  meal).  After  the  death 
of  the  cell  the  nitrogen  so  fixed  is  ammonified  and  nitrified  in 
exactly  the  same  way  as  other  forms  of  organic  nitrogen.  There 
is  one  soil  condition  which  is  absolutely  imperative  to  the  fixation 
of  nitrogen  by  this  class  of  organisms.  This  is  lack  of  soil  acid- 
ity. Soils  must  be  neutral  or  slightly  alkaline  for  these  bacteria 
to  normally  function.  Knowing  this  fact,  the  writer  tested  four 
soils  which  he  knew  to  contain  the  azotobacter  species  (numbers 
8A,  22A,  24A  and  ISA)  for  nitrogen  fixation  by  the  "Beaker 
Method.'*t  That  these  soils  are  acid  is  shown  in  Table  VIII. 
With  but  one  exception  no  nitrogen  was  fixed  and  here  the  amount 
accumulated  was  negligible.  In  fact  a  little  nitrogen  was  lost  in 
two  instances.  With  this  data  at  hand  the  following  series  of  ex- 
periments were  planned.  In  order  to  ascertain  whether  or  not 
azotobacter  were  present  in  the  several  soils,  they  were  (the  sur- 
face soils  only  were  used,  as  these  organisms  are  seldom  found  in 
subsoils)  first  tested  out  in  solution  cultures.*  In  this  method,  ex- 


t  See  Appendix,  p.   99. 
*  See  Appendix,  p.   98. 
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actly  1  gram  of  soil  (whose  nitrogen  content  is  known,  see  Table 
III)  was  introduced  into  a  known  amount  of  the  proper  sterile 
nutrient  solution  and  incubated  3  weeks  at  a  temperature  of  28°  C. 
The  presence  of  azotobacter  is  shown  by  a  thin  film  or  membrane 
which  invariably  forms  on  the  surface  of  the  solutions,  and  the 
amounts  of  nitrogen  fixed  are  determined  by  analyses  of  the  cul- 
tures for  total  nitrogen  at  the  end  of  the  incubation  period. 
From  these  solution  cultures  were  also  isolated  three  different 
species  of  azotobacter%  which  will  be  later  described.  All  of  the 
soils  were  now  examined  for  nitrojj^en  fixation  by  the  standard 
"Beaker  Method"  (in  which  the  soil  itself,  plus  mannite  as  a 
source  of  energy,  is  used  as  the  culture  medium  for  its  own  con- 
tained bacteria)  after  first  exactly  neutralizing  the  acidity  of 
each  soil  by  the  addition  of  the  required  amount  of  lime  car- 
bonate (see  Table  VIII). 

The  following  Table  XII  presents  all  of  this  data.  The  first  col- 
umn shows  the  soil  numbers  as  well  as  the  plantations  from 
whence  they  came;  the  second  column,  the  presence  or  absence 
of  azotohacter  species  in  these  soils ;  the  third,  the  amounts  of 
nitrogen  fixed  per  gram  of  mannite  consumed,  in  solution  cul- 
tures; and  the  last,  the  amounts  of  nitrogen  fixed  per  grain  of 
mannite  in  the  soils  themselves  plus  lime. 


§  For  a  detailed  account  of  the  more  technical  portions  of  this  work,  see  "Azo- 
tohacter in  Hawaiian  Soils,"  by  P.  S.  Burgess,  in  Soil  Science,  Vol.  II,  No.  2,  pp. 
183-192. 
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TABLE  XII. 
Nitrogen  Fixation  Results. 


Soil  Numbers 

1 

Presence  of 
Azotobacterl 

Solution 
Cultures. 
N.  fixed  per 
gram,  of 
mannite. 
Mgms. 

SoU 

Cultures 

(Beakei- 

Method). 

N.  fixed  per 

gram  of 

mannite. 

Mgms. 

Hilo-Puna  District. 

Waiakea  Mill  Co 

Olaa  S.  Co 

lA 
2A 
3A 
4A 

36  A 

37  A 

38  A 

absent  i 
absent 
present 
present 

absent 
absent 
present 

43%  present 

2.03 
0 

3.65 
7.55 

4.76 
3.64 
7.46 

1.20  2 
5.60 
8.40 
5.60  2 

'        5.60 
lost 
16.80  2 

Average 

4.15 

6.17 

Hilo 

and  Hamakua  Coast  District. 

Onomea  S.  Co 

5A 
6A 
7A 

8A 

23  A 

24  A 

21  A 

22  A 

18  A 

19  A 

20  A 

16  A 

17  A 

14  A 

15  A 

.     absent 
present 
1     absent 
!     present 

present 
absent 

absent 
present 

present 
present 
present 

absent 
present 

absent 
present 

60%  present 
Et  District. 

2.80 
3.75 
3.20 
2.45 

4.55 
3.15 

3.85 
5.25 

4.80 
4.20 
3.85 

3.85 
5.25 

3.85 
6.51 

1.20  2 
11.20 

Pepeekeo  H.  Co 

11.20  2 

16.80 

11.20 

Kaiwiki  S.  Co 

0 
0 

8.40 

Hamakua  M.  Co 

1        2.80 
2.80  2 

8.40 

Honokaa  S.  Co 

P.  S.  M 

4.60 
8.40 

2.80 

5.60 

Average 

Kohal) 

4.08 

5.60 

3.92 

11.06 

10.22 

8.82 
5.46 
5.18 
7.00 

4.41 
7.70 
4.97 

6.36 

Hawi  M.  &  P.  Co 

25  A 

26  A 

27  A 

28  A 

32  A 

33  A 

34  A 

35  A 

29  A 

30  A 

31  A 

absent  i 
present 
present 
present 

present  i 
absent 
absent 
present  i 

present 
present 
present 

lost 

16.80 
11.20 

Kohala  S.  Co 

5.60 
2.80 

5.60 
19.60  2 

Niulu  M.  &  P.  Co 

:      16.80 

11.20 

j      11.20 

Average  

"KaiT 

72%  present 

6.75 

'        9.16 

District. 

present 

absent 

present 

absent 

present 

60%  present 

Hawaiian  Agr.  Co 

9A 
10  A 
UA 

12  A 

13  A 

7.70 

0.84 

7.70 

0 

3.29 

11.20 
1.20 

16.80 
0 
5.60 

Average 

3.90 

6.96 

- 

-    —      -        — ~-^ 

*  Much  mold  jn"owth  in  culture. 

^  These  figures  may  not  be  absolutely  correct,  as  the  very  high  amounts  of  orig- 
inal nitrogen  in  the  soils  rendered  slight  diflferences  hard  todetect.  These  analyses 
were  made  in  tripliacte  and  the  averages  taken.  This  applies  also  to  the  total 
nitrogen   figures   as  given   in   Table  III. 
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The  contents  of  this  table  should  require  but  slight  comment. 
The  second  column,  disclosing  either  the  presence  or  absence  of 
this  species  of  bacteria  in  these  soils,  is  probably  of  more  prac- 
tical importance  than  the  absolute  amounts  of  nitrogen  fixed  by 
them  under  laboratory  conditions,  for  we  know  that,  if  azoto- 
bacter  are  present,  they  can  be  induced  to  function  if  we  provide 
suitable  conditions  for  them,  i.  e.  neutralize  the  acidity  of  the 
surface  soils  and  provide  organic  matter.  The  high  percentage 
of  cultures  showing  the  presence  of  azotohacter  caused  consider- 
able surprise  to  the  writer.  This  for  two  reasons,  1st.,  Hawaiian 
soils  with  which  he  had  worked  at  the  University  of  California 
were  practically  free  from  this  species.*  2nd,  Considering  the 
high  lime  requirements  of  these  soils,  one  would  hardly  expect 
to  find  azotohacter  so  plentifully  distributed. 

It  will  be  noticed  that,  in  all  but  two  solution  cultures,  consider- 
able quantities  of  nitrogen  were  fixed  regardless  of  the  presence 
or  absence  of  azotohacter.  In  practically  all  cases  however  more 
nitrogen  is  fixed  where  this  species  is  found.  The  Clostridium 
species  above  mentioned  together  with  certain  molds  which  were 
noticed  in  a  few  of  the  cultures  are  probably  responsible  for  the 
fixation  where  azotohacter  is  absent. 

The  last  column  of  figures  showing  the  amounts  of  nitrogen 
fixed  in  the  soil  cultures  per  unit  of  carbohydrate  oxidized  are 
open  in  a  few  instances  to  criticism  (see  footnote  num- 
ber two  at  the  bottom  of  the  table).  As  all  will  realize 
who  have  attempted  to  run  total  nitrogen  determinations 
on  soils  high  in  {his  element,  the  comparatively  small 
increases  due  to  fixation  are  often  very  hard  of  accurate 
detection.  For  example,  soil  number  lA  contains  102  milligrams 
of  nitrogen  per  10  grams  of  soil  (the  amount  taken  for  analysis), 
and  shows  but  1.2  milligrams  of  nitrogen  fixed  per  50  grams  of 
soil.  Such  differences  are  well  within  the  limits  of  experimental 
error,  and  the  final  results  cannot  exact  implicit  confidence.  Tak- 
en by  and  large,  however,  the  figures  in  this  column  are  as  nearly 
correct  as  careful  work  can  make  them,  and  justify  consideration. 

The  Kohala  District  again  shows  up  well.  Of  the  11  samples 
drawn  in  this  district  but  three  were  apparently  entirely  devoid 


*  See  * 'Studies  on  Nitrogen  Fixation  and  Azotobact«r  Forms  in  Soils  of  Foreiffn 
Countries,"  by  C.  B.  Lipman  and  P.  S.  Burgess,  Centbl.  Bakt..  (etc.)  abt.  2,  Bd.  44. 
pp.  481-511. 
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of  acotobactcr,  while  the  amounts  of  nitrogen  fixed  in  the  latte: 
were  high,  showing  the  presonce  of  other  active  fixing  species. 

The  average  amounts  of  nitrogen  fixed  for  the  several  districts 
are  well  in  accord  widi  the  results  of  similar  studies  which  have 
been  made  by  the  writer  and  by  others  on  mainland  soils  of 
good  fertility,  but  it  must  not  be  forgotten  that  practically  no 
fixation  was  here  obtained  until  these  soils  had  been  neutralized 
with  lime  carbonate. 

Pure  Culture  Work.  As  was  stated  above,  three  diflferent 
species  of  azotobacter  were  isolated  from  the  mixed  solution  cul- 
tures, by  plating  out  on  mannite  agar.  Two  of  these  were  readily 
identified  as  Azotobacter  chroococcum  (isolated  from  culture  No. 
11  A)  and  Azotobacter  vinelandii  (isolated  from  culture  No.  20). 
The  remaining  organism  (isolated  from  culture  No.  23 A)  was 
very  similar  to  A.  vinelandii  in  morphology  and  cultural  charac- 
teristics with  the  following  few  exceptions.  The  indi- 
vidual cells  were  smaller,  altho  of  similar  shape.  There 
was  no  tendency  to  form  a  colored  pigment ;  even  on  old  man- 
nite agar  slants  the  growth  remained  white,  there  being  no  yel- 
low or  orange  tint  observed.  This  form  is  probably  a  variety 
of  A.  vinelandii*  and,  from  a  study  of  the  solution  cultures,  is 
quite  widely  distributed  in  the  soils  of  this  Island. 

These  three  species  of  azotobacter  were  now  examined  as  to 
their  abilities  to  fix  nitrogen  in  pure  cultures,  both  in  solutions 
and  in  soils.  Bacterial  suspensions  of  these  organisms  were 
made  from  young  mannite  agar  slants  (3  to  4  days  old).  This 
was  done  by  pouring  10  c.  c.  of  sterile  tap  water  over  the  growth 
on  the  slant  and  working  up  the  suspension  with  a  sterile  plati- 
num needle.  All  were  cloudy  in  appearance.  Amounts  of  1 
c.c.  each  were  used  to  inoculate  100  c.c.  portions  of  sterile,  nutri- 
ent mannite  solution  in  500  c.c.  flasks.  Other  1  c.c.  portions 
were  used  to  inoculate  100  gram  portions  of  the  station  soil  in 
covered  tumblers  which  had  previously  been  sterilized  for  3 
hours  at  15  lbs.  steam  pressure  and  had  each  received  2  grams  of 
mannite  after  being  cooled.  The  solution  cultures  only  were  run 
in  duplicate.  After  a  3  weeks  incubation  period  at  28°  C,  total 
nitrogen  determinations  were  made.  The  results  are  set  forth  in 
Table  XIII,  which  follows. 


*  A   culture   of   this   organism   has   been   sent   to   Dr.   J.    G.   Lipman   of   the   Xew 
Jersey   Station   for  identification. 
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TABLE  XIII. 

Nitrogen   Fixed   by   Pure   Cultures   of   Azotohaetcr  Isolated    from 

Hawaii  Soils. 


Organism. 


Solution   Cultures. 

N  fixed  per  gram  of 

mannite. 

Mgms. 


Soil   Cultures. 

N  fixed  per  gram  of 

mannite. 

Mgms. 


A.  chroococcumf  var.   . . . 

A.  vinelandiif  var 

A.  vinelandiif  n.  var.f  . . . 


4.62 
8.57 
5.80 


5.00 
5.00 
8.75 


As  a  rule,  more  nitrogen  is  fixed  by  all  species  of  azotobacter 
in  soil  cultures  than  in  solutions.  The  behavior  of  organism 
number  two  is  here  hard  of  explanation,  but  as  the  work  was 
repeated,  its  correctness  cannot  be  questioned.  Whether  the  soil 
used  suffered  so  serious  a  change  during  sterilization  as  to  ren- 
der it  unfit  for  the  growth  of  this  microorganism,  or  whether 
physiologically  it  works  to  better  advantage  in  solution,  are  ques- 
tions which  cannot  now  be  answered.  The  pure  cultures  in  solu- 
tions all  gave  beautiful  surface  membraneous  growths.  The  first 
was  light  brown  in  color;  the  second  greenish  orange,  and  the 
third  glistening  white. 

It  may  be  mentioned  in  passing  that  a  mixed  culture  of  the 
first  two  organisms  listed  in  Table  XIII  are  the  nitrogen  fixin.cr 
bacteria  used  in  the  preparation  of  the  *'Bacterized  Press  Cake" 
which  is  at  present  receiving  attention  bpth  here  at  the  Experi- 
ment Station  and  elsewhere  on  certain  of  the  plantations. 

Remembering  that  the  Hawaiian  Islands  are  young,  geological- 
ly speaking,  and  further  that  the  nearest  land  area  of  any  extent 
is  over  2,0(30  miles  distant,  it  might  at  first  seem  rather  hard  to 
account  for  the  prevalence  of  azotobacter  species  in  these  soils. 
(Nitrogen  fixing  bacteria,  both  a::otobacter  and  radicicola,  are 
usually  among  the  last  bacterial  species  to  make  their  appearance 
iri  new  soils).  There  are,  however,  several  ways  of  accounting 
for  their  possible  introduction  and  distribution.  Thousands  of 
tons  of  commercial  fertilizers  are  received  from  the  coast  and 
applied  to  our  soils  each  year.  Fine  soil  and  other  cheap  materials 
are  sometimes  used  as  ''fillers"  in  these  "mixed  goods,"  and,  as 
this  material  is  never  sterilized,  it  is  conceivable  that  it  might 
carry  azotobactcr  species.  Dried  blood,  tankage  and  guano  are 
also  shipped  here  in  considerable  quantity,  which  may  also  be  in- 
fected with  these  microorganisms.  During  recent  years  green 
manuring  with  legumes  has  found  favor  on  several  of  the  planta- 
tions. The  legimie  seed,  which  has  been  imported  from  various 
parts  of  the  world,  doubtless  harbors  large  numbers  of  bacteria. 
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Be  that  as  it  may,  we  are  sure  of  one  fact :  azotohactcr  are  widely 
distributed  in  Hawaiian  soils. 

CHAPTER  VL 

GENERAL  SUMMARY. 

A  brief  resume  of  the  more  important  facts,  as  disclosed  by  a 
study  of  the  data  heretofore  presented  in  this  bulletin,  follows.* 

1.  The  first  chapter  presents  a  general  discussion  of  soils; 
their  formation ;  mineralogical  and  chemical  composition,  and 
their  more  important  physical,  chemical  and  biological  properties. 

2.  The  Hawaiian  Islands  are  all  of  volcanic  origin,  and,  ex- 
cept insignificant  coral  formations,  are  composed  almost  entirely 
of  basaltic  lavas  which  differ  very  little,  chemically,  from  those 
of  other  volcanic  regions.  The  resulting  soils  are  chiefly  laterites, 
very  high  in  iron,  aluminum  and  the  alkaline  earths,  but  low  in 
silica.  Due  to  pre-existing  tropical  verdure  most  of  the  soils 
contain  large  amounts  of  humus  and  nitrogen.  Total  phosphoric 
acid  and  soluble  silica  are  also  usually  high.  Physically,  most  of 
the  soils  would  be  classed  as  clay  or  silty  clay  loams  of  high 
organic  matter  content.  The  soils,  altho  diflfering  considerably 
among  themselves,  are  slightly  below  the  average  for  humid 
mainland  soils  when  considered  from  the  biological  standpoint. 

3.  Hawaii  is  the  largest  and  geologically  the  most  recent  of 
the  Hawaiian  Islands.  Its  climatical  conditions  vary  greatly 
(both  rainfall  and  temperature). 

From  its  ports  about  35%  of  the  sugar  crop  of  the  Islands  is 
exported  each  year.  There  are  four  large  cane  growing  districts 
on  this  island  within  each  of  which  the  soils  are  similar  but  which 
differ  considerably  the  one  from  the  other.  These  are  the  Hilo- 
Puna  District,  the  Hilo  and  Hamakua  Coast  District,  the  Kohala 
District  and  the  Kau  District  (see  frontispiece  map).  The  plan- 
tations in  all  districts  border  the  sea  at  their  lower  levels 
(there  are  two  or  three  exceptions),  running  back  and  up- 
ward toward  the  high  interior  of  the  island.  The  sur- 
face soils  of  the  lower  fields  are  usually  from  12  to  18  inches 
deep  while  those  at  the  higher  altitudes  vary  from  4  to  7  inches. 
In  drawing  the  soil  samples  for  this  work  it  has  been  the  writer's 


*  It  is  hoped  that  it  will  not  be  the  purpose  of  the  reader  to  let  the  few  words 
here  appended  take  the  place  of  a  more  critical  reading  of  the  preceding  paees,  for 
but  a  very  cursory  and  superficial  summary  can  be  given  where  such  a  volume  of 
data  is  tersely  reviewed. 
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object  to  secure  representative  samples  from  the  different  alti- 
tudes as  well  as  from  several  of  the  plantations  in  different 
localities  in  each  district.  The  method  of  collecting  and  prepar- 
ing the  samples  is  given.  Each  is  also  located  and  briefly 
described. 

4.  Physically  the  soils  of  Hawaii  are  unique.  They  would 
in  large  part  be  classed  as  high  humus  clay  and  silty  clay  loams 
altho  the  amounts  of  true  clay  (hydrated  aluminum  silicates)  in 
all  cases  are  very  low  or  nil.  Colloidal  aluminum  and  iron  hy- 
drated oxides  give  to  the  soils  their  apparent  clayey  character- 
istics. A  fairly  complete  discussion  of  soil  moisture  in  connec- 
tion with  these  soils  is  given.  As  would  be  expected,  all  of  the 
moisture  coefficients  are  abnormally  high.  The  hygroscopic  co- 
efficients vary  from  9  to  over  26%  when  determined  by  Hilgard's 
standard  method,  while  the  optimum  moisture  capacity  averages 
about  45%  of  the  dry  weight  of  the  soils.  The  "free  water" 
varies  from  15  to  38%  while  the  maximum  moisture  holding 
capacity  is  in  all  cases  well  above  that  for  average  mainland  soils. 
These  soils  do  not  usually  cake  badly  unless  thoroughly  puddled. 
When  worked  under  optimum  conditions  they  are  fluffv  and 
show  good  tilth.  The  heavier  soils  are  in  the  Hilo  and  Hamakua 
Coast  District  followed  by  the  silty  clay  loams  of  Kohala  and  the 
silty  and  sandy  loams  of  Kau.  In  the  Hilo  District  we  find 
chiefly  high  humus  and  muck  soils. 

5.  The  chemical  work  is  divided  into  three  parts:  the  plant 
food  work;  the  soil  acidity  work,  and  the  alkali  work.  Under 
each  heading  will  be  found  a  discussion  of  the  soils  of  each  dis- 
trict. 

Taken  by  and  large,  the  following  conclusions  may  be  drawn 
from  the  plant  food  work.f  The  soils,  with  but  few  exceptions, 
are  high  in  total  nitrogen  but  its  availability  is  universally  low. 
The  same  is  more  or  less  true  of  phosphoric  acid.  Potash,  both 
total  and  available,  is  high  in  all  of  the  soils  examined  except  in 
those  of  the  Hilo  District.  Here  potash  fertilization  would  doubt- 
less be  found  profitable.  The  amounts  of  total  and  available  soil 
potash  follow  with  surprising  regularity  the  amounts  of  total 
potash  as  determined  in  the  final  molasses  and  in  the  molasses 
ashes  from  the  mills  of  the  several  plantations.  The  total  lime 
figures  vary  from  over  5%  in  the  alkaline  Kau  soils  to  less  than 
0.2%  in  acid  Hamakua.  A  discussion  of  available  plant  food  as 
found  on  analysis,  together  with  the  amounts  necessary  for  the 
production  of  a  good  cane  crop,  appear  in  some  detail. 


t  The  standard  "Agricultural  Method"  of  the  Association  of  Official  Asricultural 
Chemists  and  Dyer's  1<^  citric  acid  method  (both  modified,  see  Appendix)  were 
used  in  this  work. 
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A  few  words  on  lime  and  liming  proceed  the  important  experi- 
mental work  along  this  line.  All  of  the  mauka  soils  and  most 
of  the  makai  fields  are  acid. 

The  lime  requirements  for  the  surface  soils  vary  from  1  ton 
of  calcium  carbonate  to  11  ions  depending  on  location.  Table 
\TII  presents  these  figures  for  all  of  the  plantations  investigated, 
giving  the  amounts  of  lime  (as  burned  lime,  hydrated  lime  and 
carbonate  of  lime )  necessary  to  neutralize  both  the  surface  and 
subsoils.     We  advocate  the  use  of  lime  in  carbonate  fonn. 

The  amounts  of  alkali  salts  (the  chlorides,  carbonates  and  sul- 
fates of  sodium)  are  in  all  cases  negligible. 

6.  All  of  the  surface  soils  are  fair  ammonifiers.  The  amounts 
of  ammonia  produced  are  not  large  but  I  consider  them  sufficient 
providing  nitrification  keeps  pace. 

7.  A  thorough  study  was  made  of  nitrification  in  Hawaii  soils 
(see  Table  XI).  Six  series  of  experiments  were  carried  out.  In 
the  first,  the  soils  received  no  additions  of  nitrogen  but  were  in- 
cubated under  standard  conditions  of  moisture  and  temperature 
to  ascertain  the  nitrifiabiHty  of  their  own  organic  nitrogen.  In 
the  second,  ammonium  surfate  was  added ;  in  the  third,  dried 
blood ;  in  the  fourth,  dried  blood  plus  sufficient  calcium  carbonate 
to  exactly  neutralize  acidity ;  in  the  fifth,  dried  blood  plus  gyp- 
sum, and  in  the  sixth,  dried  blood  plus  reverted  phosphate. 
The  results  may  be  briefly  stated  as  follows:  Consid- 
ering the  large  quantities  of  total  nitrogen  which  these 
soils  contain,  the  absolute  amounts  and  the  percentages  of 
it  nitrified  are  very  lozc.  Ammonium  sulfate  nitrogen  is  nitrified 
approximately  twice  as  fast  as  dried  blood  nitrogen.  As  an  aver- 
age for  the  soils  of  the  entire  island,  the  addition  of  lime  doubles 
the  nitrification  of  dried  blood.  In  some  instances  it  multiplies  it 
by  three  and  four.  Gyi)sum  has  practically  no  eflFect  upon  nitri- 
fication in  these  soils.  In  some  instances  a  loss  is  recorded.  Re- 
verted pliosphate  increases  nitrification  by  approximately  35%. 

8.  Nitrogen  fixation  as  determined  both  by  solution  and  by 
soil  culture  methods  is  fair  in  Hawaii  soils.  Asotobacter  forms 
are  well  distributed  (see  Table  XII).  Three  diflferent  species  {A. 
chroococciim,  A.  vinelandii  and  A.  vinelandii,  n.  sp.?)  were  iso- 
lated in  pure  cultures,  described  and  tested  for  nitrogen  fixation 
in  both  solutions  and  soils. 

9.  In  the  Appendix  which  follows  is  given  a  full  discussion  of 
methods  used  in  the  pursuance  of  these  studies. 
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APPENDIX. 

Discussion  of  Analytical  Methods  Employed. 

(a)    soil  physics. 

Hilgard's  Method  for  Maximum  Moisture  Holding  Capacity. 

Hilgard's  water  retention  soil  cups  as  purchased  from  the  Cen- 
tral Scientific  Company  of  Chicago,  were  used  in  making  these 
determinations.  They  are  small  brass  cups  2  inches  in  diameter 
by  J4  inch  deep,  the  bottoms  of  which  are  perforated  metal 
diaphragms  fastened  one  centimeter  from  the  top.  Thus,  when 
filled,  each  carries  a  layer  of  soil  1  cm.  thick  which  Hilgard  fixed 
as  his  standard  for  this  determination.  The  cups  are  numbered 
and  their  weights,  to  0.1  gram,  are  known.  In  making  the  de- 
termination a  piece  of  thin  filter  paper  of  proper  size  is  first  fit- 
ted over  the  perforated  bottom  of  a  cup  which  is  then  filled  with 
soil,  (previously  passed  thru  a  3  mm.  sieve  to  remove  the  coarser 
particles),  finally  ''striking"  the  surface  level  with  a  thin  spatula 
blade.  The  cup  plus  soil  is  now  placed  in  water*  so  that  the  per- 
forated bottom  is  just  in  contact  with  its  surface.  By  capillarity, 
the  water  almost  immediately  appears  at  the  soil  surface. 

The  cup  of  soil  is  allowed  to  remain  in  contact  with  the  water 
surface  for  1  hour  when  It  is  quickly  removed,  wiped  off,  and 
weighed.  After  completely  drying  out  in  an  oven  at  102°  C. 
the  cup  plus  soil  is  again  weighed.  The  difference  gives  the 
amount  of  moisture  absorbed,  which,  divided  by  the  weight  of 
water  free  soil  (found  by  subtracting  the  weight  of  the  soil  cup 
from  the  second  weighing),  gives  the  soil's  maximum  moisture 
holding  capacity. 

(Read  Hilgard's  "Soils,"  pages  207  to  210;  also  Circular  No. 
6,  California  Agr.  Exp.  Sta.,  page  15). 

Hilgard  s  Method  for  the  Determination  of  Hygroscopic  Soil 

Moisture. 

Hilgard's  "Moisture  Absorption  Apparatus,"  as  sold  by  the 
Central  Scientific  Company  of  Chicago  was  used  in  making  the 
hygroscopic  determinations,  and  the  method  as  outlined  in  his 
book,  "Soils,"  pages  196  to  201,  followed,  with  one  or  two  minor 
changes. 


*  Where  large  numbers  of  determinations  are  to  be  made,  photographers'   trays 
will  give  good  service  as  water  reservoirs. 
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About  ten  grams  of  the  soil  to  be  tested  are  carefully  sifted 
from  a  1  mm.  sieve  into  each  of  the  flat  soil  pans,  the  object  being 
to  deposit  a  layer  not  over  1  mm.  deep  over  the  entire  pan  bottom 
The  pans  are  then  placed  in  the  moist  chamber  (which  in  this 
work  is  kept  at  25°  C.  and  completely  saturated)  for  from  20  to 
22  hours.  A  long  series  of  tests  convinced  us  that  shorter  periods 
gave  incomplete  saturation,  while  longer  ones  occasionally  invited 
dew- formation  or  condensation  on  the  soil  surface.  At  the  end 
of  the  exposure  period 'each  soil  is  quickly  poured  from  its  pan 
into  an  accurately  tared  weighing  bottle,  stoppered  and  weighed. 
The  stopper  is  then  removed  and  the  soil  completely  dried 
in  an  air  bath  at  110°  C.  The  weight  of  the  water  ab- 
sorbed, divided  by  the  amount  of  dry  soil  taken,  gives 
the  soil's  hygroscopic  coefficient,  or  the  amount  of  moisture  which 
that  soil  can  absorb  from  a  saturated  atmosphere  at  a  tempera- 
ture of  25°  C.  (See  circular  No.  6,  California  Agr.  Exp.  Sta., 
page  17.) 

(b)     SOIL  CHEMISTRY. 

Total  Acid  Soluble  Mineral  Plant  Foods   {Agricultural 

Method.)  \ 

As  these  peculiar  Island  soils  have  necessitated  a  few  divia- 
tions  from  the  original  method  appearing  in  the  U.  S.  D.  A.,  Bu. 
Chem.,  Bui.  107,  it  was  thought  worth  while  to  here  briefly  in- 
sert the  modified  procedure. 

Digest  5  grams  of  soil  for  10  hours  in  a  150  cc.  porcelain  soil 
digestion  cup  with  50  cc.  hydrochloric  acid  (sp.  gr.  1.115)  on  a 
boiling  water  bath.  Dilute  with  about  50  cc.  of  hot  water,  and 
filter  hot  into  a  250  cc.  volumetric  flask,  washing  residue  to  vol- 
ume. Cool  and  make  up  to  volume.  (Sol.  A.)  Do  not  dehy- 
drate residue. 

Insoluble  Residue  and  Soluble  Silica. 

These  are  determined  as  in  Hilgard's  Method,  California  Agri- 
cultural Experiment  Station,  Circular  No.  6,  page  18. 

Iron,  Alummum  and  Titanium. 

To  50  cc.  of  solution  A  add  3  cc.  of  nitric  acid,  make  up  to  at 
least  300  cc.  (to  avoid  manganese  later  precipitating  out),  and 
boil  20  minutes.  Cool  slightly,  make  alkaline  with  ammonia,  and 
boil  oflf  excess.  Filter,  wash  with  hot  water  and  transfer  preci- 
pitate to  original  beaker.    Redissolve  in  dil.  hydrochloric  acid  and 

t  Also  see  Annual  Report  of  the  Hawaii  Experiment  Station  (U.  S.)  for  1915, 
pp.  34-36. 


92 

reprecipitate  as  before,  washing  free  from  chlorides.  Ignite  and 
weigh  as  ferric  oxide,  aluminic  oxide,  titanium  oxide  and  phos- 
phorus pentoxide.  Reserve  fihrate  (sol.  B)  for  determining 
manganese,  calcium  and  magnesium. 

Treat  a  second  aloquot  of  50  cc.  (sol.  A)  as  above  but  instead 
of  igniting  the  precipitate  redissolve  in  dilute  sulfuric  acid  (boil- 
ing), cool  and  make  up  to  exactly  100  cc.     Determine  iron  by 

N 

titrating  25  cc.  of  this  solution  with  —  potassium  permanganate 

10 

in  the  usual  way.  Determine  titanium  by  taking  5cc.  of  the  sul- 
furic acid  solution,  diluting  to  90  cc,  adding  5  cc.  of  dilute  sul- 
furic acid  and  5  cc.  of  4%  hydrogen  peroxide  solution,  mixing 
well,  and  comparing  in  a  Sargent- Kennicott  colorimeter  with  a 
standard  solution  of  titanium  sulfate  prepared  at  the  same  time. 
Reserve  filtrate  from  this  second  iron  precipitation  for  the  de- 
termination of  sulfates,  soda  and  potash  (sol  C).  As  potassium 
permanganate  oxidizes  titanium  as  well  as  iron,  the  proper  cor- 
rection in  the  volume  of  this  solution  must  be  made  in  calculat- 
ing the  iron.    As  usual,  the  alumina  is  determined  by  difference. 

^langanese. 

Concentrate  sol.  B  to  150  cc,  add  3  cc.  pure  bromine  (undi- 
luted), let  stand  a  few  minutes,  make  decidedly  alkaline  with  am- 
monia and  boil.  Let  stand  to  cold,  filter,  ignite  and  weigh  as  the 
brown  oxide  (Mn304). 

Calcium. 

Evaporate  the  filtrate  to  dryness  and  completely  and  care- 
fully volatilize  the  ammonia  salts.  (This  is  necessary  to  totally 
eliminate  unprecipitated  traces  of  manganese).  Take  up  in  di- 
lute hydrochloric  acid  and  determine  calcium  as  the  oxalate  in 
the  usual  way. 

Magnesium. 

Magnesium  is  determined  in  the  lime  filtrate  in  the  regular  way. 

Sulfates. 

Best  results  are  obtained  in  these  high  iron  soils  by  removing 
iron  and  aluminum  previous  to  the  precipitation  of  sulfates.  Sol. 
C  is  evaporated  to  dryness  and  the  ammonia  salts  removed.  The 
residue  is  taken  up  in  dil.  hydrochloric  acid  and  sulfates  deter- 
mined gravimetrically  after  precipitating  with  barium  chloride. 
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Potash  and  Soda. 

These  determinations  are  made  according  to  the  Official  Meth- 
ods (Bui  107,  Bureau  of  Chem.,  U.  S.  D.  A.)  without  change. 

Phosphoric  Acid.* 

To  50  cc.  of  the  original  solution  (A)  add  a  few  drops  of 
nitric  acid,  boil  a  few  minutes,  make  alkaline  with  ammonia,  boil 
off  excess,  filter  and  wash  with  hot  water. 

Transfer  precipitate  to  original  beaker  and  dissolve  in  a 
small  volume  of  hot,  dilute  nitric  acid.  Nearly  neutralize  with 
ammonia  and  add  25  to  50  cc.  of  ammonium  molybdate  solution 
after  bringing  to  a  temperature  of  60°  C.  on  a  water  bath.  From 
here  proceed  as  in  Official  Methods. 

In  most  of  the  work  reported  in  this  bulletin,  the  lime,  potash 
and  phosphoric  acid  only  were  determined.  The  digestion  was 
made  as  above,  as  was  the  phosphoric  acid  determination.  The 
lime  was  directly  determined  in  the  first  iron  filtrate  after  remov- 
ing manganese  while,  after  removing  resulting  ammonia  salts, 
the  potash  was  obtained.  The  method  of  determination  in  each 
case  was  as  above  outlined. 

Total  Nitrogen  in  Soils. 

The  Gunning  Method  as  modified  by  Hibbard  was  here  used 
(see  Jour.  Ind.  and  Eng.  Chem.,  Vol.  2,  pages  463  to  466).  Ten 
grams  of  dry  soil  were  used  in  each  determination,  which  had  pre- 
viously been  finely  ground  and  sifted.  This  latter  precaution  is 
absolutely  necessary  where  over  0.4  or  0.5%  nitrogen  is  present. 
Otherwise  closely  agreeing  duplicate  determinations  cannot  be 
obtained.  It  was  also  usually  found  necessary  to  add  50  instead 
of  30  cc.  of  concentrated  sulfuric  acid.  The  standard  amounts  of 
salts  added  were  not  increased.  Lacmoid  was  used  as  the  indi- 
cator in  titrating. 

Citrate  Soluble  Mineral  Plant  Foods. 

Dyer's  original  method,  which  appeared  in  the  Journal  of  the 
Chemical  Society  (London),  Vol.  65,  pages  115  to  167,  calls  for 
the.  intermittent  shaking  of  the  1%  citric  acid  plus  soil  over  a 
period    of    7    days    at    room    temperature.       I     have     found. 


*  See  Hawaii  Agr.  Exp.   Sta.  Bui.  41,  Appendix. 


94 

however,  that  when  this  procedure  is  followed  in  this 
warm  climate,  much  mold  and  bacterial  growth  is  ver>' 
apt  to  occur  in  these  solutions,  which  would  have  a  tendency  to 
vitiate  the  final  results  obtained.  Further,  in  the  method  as  orig- 
inally proposed,  different  portions  of  the  original  solution  are 
used  for  the  separate  determinations  (phosphoric  acid,  potash 
and  lime),  thus  necessitating  the  use  of  a  large  initial  volume  of 
the  citric  acid  solution  and  several  tedious  evaporations  of  the 
separate  portions  of  solution  to  dryness.  For  these  reasons, 
modifications  have  been  introduced  which  have  saved  much  time 
while  in  no  way  impairing  accuracy.  The  modified  method  as 
used  in  our  laboratory  follows: 

Place  100  grams  of  the  air-dried  soil  sample  in  a  Winchester  acid 
bottle.  Add  1  liter  of  a  17f  citric  acid  solution.  Shake  in  a  shaking 
machine  6  hours.  Let  stand  24  hours  to  clear.  Siphon  off  about  700 
c.c.  of  the  clear  supernatant  liquid  and  filter  it  through  a  double  filter 
paper.  Evaporate  exactly  500  c.c.  nearly  to  dryness  in  a  600  c.c.  beaker 
on  the  hot  plate,  then  transfer  the  resulting  dark  colored  solution  to  a 
platinum  dish  (using  hot  water)  and  evaporate  to  dryness  on  a  water 
bath.  Completely  dry  the  sticky  residue  (2  hours  in  a  hot  air  oven 
at  a  temperature  of  about  120°  C).  Ignite  the  residue  in  the  platinum 
dish  in  a  muffle  at  a  low  temperature  (dull  redness)  for  about  2 
hours  to  remove  organic  matter.  The  char  should  now  be  gray  in  color. 
Moisten  with  con.  HCl,  add  a  little  hot  water  and  evaporate  to  dryness 
on  the  water  bath.  Leave  on  water  bath  at  least  1  hour  to  dehydrate 
any  silicic  acid  still  remaining  as  such.  Take  up  in  a  little  con.  HCl; 
add  a  little  water;  heat  14  hour  on  the  water  bath;  add  more  hot  water 
and  filter.  Wash  five  times  with  hot  water  slightly  acidified  with 
HCl;  make  up  to  at  least  300  c.c.  with  hot  water.  To  the  clear  filtrate 
add  2  or  3  c.c.  of  con.  HNO3  and  boil  15  or  20  minutes  to  oxidize  all 
organic  matter  in  solution.  Precipitate  Fe,  Al,  Ti  and  P20r,  with 
NH4OH  in  hot  solution,  filter  and  wash  free  from  chlorides  with  hot 
water.  In  case  of  insufficient  Fe  to  color  the  precipitate  slightly  brown, 
add  a  few  c.c.  of  a  10%  FeCl^  solution  before  precipitation.  (This  is 
to  insure  complete  precipitation  of  P2O5.) 

Phosphoric  Acid  (P2O5). 

Dissolve  the  above  precipitate  in  dilute  HNO3  and  boil.  Cool  slightly, 
mvrlu  neutralize  with  NH4OH,  add  5  grams  of  NH4NO3  (C.P.)  and  pre- 
cipitate P2O.-,  with  25  c.c.  of  molybdate  solution  at  65°  C.  Let  stand  20 
minutes  at  65**  then  let  cool.  Filter  through  asbestos,  thoroughly  wash 
and  determine  P20.-;  volumetrically. 

Lime   (CaO). 

Evaporate  down  to  150  c.c.  the  filtrate  from  Fe  and  Al,  make  very 
slightly  alkaline  with  NH4OH,  and  precipitate  Ca  as  the  oxalate  with 
ammonium  oxalate  solution,  hot.  Let  stand  on  the  water  bath  1  hour, 
then  cold  over  night.  Filter,  wash  with  cold  water,  dissolve  in  H2SO4 
(1  to  5  by  volume)  and  titrate  with  a  standard  KMn04  solution. 
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Potash  (KgO). 

Acidify  filtrate  from  Ca  slightly  with  dil.  H2SO4.  Evaporate  nearly 
to  dryness  in  beaker,  transfer  to  platinum  dish  and  run  to  dryness. 
Carefully  ignite  off  excess  of  H2SO4  and  all  ammonium  salts  over  free 
flame;  take  up  residue  in  hot  water;  filter  into  white  porcelain  evapo- 
rating dish  and  add  2  or  3  drops  of  dilute  HCl  and  sufficient  platinic 
chloride  solution  to  precipitate  all  of  the  potassium.  Evaporate  nearly 
to  dryness,  filter,  wash  and  weigh  as  potassium  platinic  chlorid  in  the 
usual  gravimetric  way. 

Several  experiments  were  performed  to  ascertain  the  correct 
length  of  time  of  continuous  shaking  with  the  citric  acid  solution, 
for  it  is  evident  that  the  final  results  obtained  must  be  identical 
with  those  found  where  the  7-day  period  of  intermittent  shaking 
is  used.  The  following  Table  shows  the  percentages  of  phos- 
phoric acid  and  potash  in  two  typical  Island  soils,  as  determined 
by  Dyer's  original  method,  together  with  those  as  obtained  with 
the  modified  method  where  different  lengths  of  time  of  shaking 
were  employed.  In  following  out  the  former  procedure,  about 
2  c.c.  of  a  40%  formalin  solution  were  added  to  the  solutions  in 
each  shaking  bottle  to  avoid  so  far  as  possible  the  growth  of 
molds  and  bacteria  therein. 

Percentage  of  phosphoric  Acid  and  Potash  Extracted  from  Typical  Island 
Soils  by  Dyer's  Original  Method  and  by  the  ''Modified  Method." 


Soil    I,  P2O5 

Soil     1,  KgO 

Soil  II,  P2O5 

Soil  n,  K2O 


Dyer 's 
Original 
Method 


0.0070 
0.0320 
0.0042 
0.0326 


Modified   Method,   Times  of   Shaking 


3  hours 


0.0052 
0.0300 
0.0040 
0.0294 


6  hours 


0.0068 
0.0315 
0.0033 
0.0330 


9  hours 


0.0068 
0.0041 


12  hours 


.0068 

. .  •  • 

.0044 


Soil  I  came  from  the  Station  grounds  and  Soil  II  was  obtained 
from  the  middle  fields  of  the  Oahu  Sugar  Company.  The  potash 
figures  for  the  9  and  12-hour  periods  of  shaking  were  not  deter- 
mined. The  potash  is  apparently  more  readily  dissolved  from 
the  soils  tested  than  is  the  case  with  the  phosphoric  acid.  A 
study  of  the  above  table  will  show  6  hours'  shaking  to  give  results 
well  in  accord  with  those  of  Dyer's  original  method.  This  period 
was  therefore  adopted. 


NOTE. — The  method  above  outlined  for  the  determination  of  citrate  soluble  plant 
foods  is  not  applicable  to  hi^h  manganese  (above  about  19r  MnjiO^)  soils.  Here 
separate  aliquots  for  phosphoric  acid  and  potash  must  be  taken,  and  several 
changes  from  the  above  method  made.  A  complete  discussion  of  this  modified 
method  is  soon  to  appear. 
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Total  Potash  in  Molasses  {or  Other  Organic  Material). 

To  about  5  grams  of  molasses  (accurately  weighed)  in  a  tared 
platinum  dish  add  15  cc.  of  approximately  1  to  2  sulfuric  acid. 
Stir  thoroughly  and  evaporate  to  dryness  on  the  water  bath. 
Over  a  free  flame  carefully  drive  off  the  remaining  water,  and, 
in  a  muffle  at  a  low  red  heat,  burn  to  a  white  or  grey  ash.  Add 
about  20  cc.  of  hot  water  and  5  cc.  hydrochloric  acid.  Let  stand 
a  half  hour  on  a  hot  water  bath,  add  more  water  and  make  up  to 
250  cc.  in  a  volumetric  flask,  after  cooling.  Filter.  To  50  cc.  of 
the  clear  filtrate  add  a  few  drops  of  nitric  acid  and  boil.  Preci- 
pitate iron,  aluminum  and  calcium  with  ammonia  and  ammonium 
oxalate  together.  Filter  and  wash.  Discard  the  precipitate.  To 
the  filtrate  add  about  3  cc.  of  concentrated  sulfuric  acid  and 
evaporate  to  dryness  in  a  thin  porcelain  evaporating  dish.  Care- 
full  v  drive  off  excess  of  sulfuric  acd  and  ammonium  salts  over  a 
free  flame.  Take  up  residue  in  hot  water,  filter  into  a  clean  por- 
celain evaporating  dish ;  wash  residue  thoroughly ;  add  3  drops 
of  dilute  hydrochloric  acid  to  the  filtrate  and  precipitate  the 
potash  with  plantinic  chloride  solution.  Evaporate  almost  to  dry- 
ness on  the  water  bath,  cool,  take  up  in  80%  alcohol  and  deter- 
mine the  potash  gravimetrically  in  the  usual  way. 

Soil  Acidity  (Modified  Veitch  Method)."*^ 

Qualitative  test.  Ten  grams  of  dry  soil  are  weighed  out  into 
a  250  cc.  Jena  glass  beaker  and  stirred  thoroughly  with  50  cc. 
of  neutral  distilled  water.  Evaporate  to  dryness  on  a  water  bath, 
removing  as  soon  as  dry.  Add  100  cc.  of  neutral  distilled  water, 
and  rotate  the  beaker  in  such  a  manner  as  to  stir  and  dislodge 
all  adhering"  soil  particles  from  sides  and  bottom.  This 
is  done  twice  at  intervals  of  30  minutes  each.  Let  stand 
to  clear  (over  night)  and  carefully  pipette  off  50  cc.  of  the 
supernatent  liquid  into  a  100  cc.  Jena  beaker.  Boil  down  on  a  hot 
plate  to  5  cc.  add  3  drops  of  neutral  phenolphthalein  and  note 
any  color  change.  No  color  indicates  an  acid  soil ;  very  slight 
pink,  a  neutral  soil,  and  a  decided  red  an  alkaline  one.  In  case 
the  soil  is  acid,  proceed  as  follows : 

Quantitative  determination.  Proceed  as  above  in  weighing 
out  samples  and  adding  50  cc.  of  water.  Then  add  progressive, 
known  amounts  of  standardized  lime  water  solution  (1  cc.=l  mg. 
CaO),  evaporating  to  dryness,  taking  up  in  100  cc.  water,  and 
noting  the  final  color  with  phenolphthalein,  as  above.     The  pro- 


*  Also  see  Annual  Report  1912-13,  Penn.  Agr.  Exp.  Stn.,  pp.  50-52. 
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cedure  is  repeated  with  the  varying  amounts  of  lime  water  until 
a  point  is  reached  where  a  color  change,  from  colorless  to  slight 
pink,  is  obtained  upon  the  addition  of  1  cc.  of  the  stand  lime 
water  solution.  This  is  the  end  point.  The  number  of  cc.  (mil- 
ligrams of  CaO)  required  is  calculated,  and  this  multiplied  by 
100  and  divided  by  the  weight  of  soil  used  (10)  gives  the  per- 
centage of  acidity  in  the  soil  under  analysis ;  differently  stated  it 
is  the  percentage  of  CaO  (lime  oxide)  which  must  be  added  to 
the  soil  to  produce  neutrality.  This  multiplied  by  3,000,000  lbs', 
(the  weight  of  an  acre- foot  of  average  Hawaiian  soil)  shows  the 
number  of  pounds  oi  lime  oxide  to  apply  per  acre.  If  lime  car- 
bonate is  to  be  used,  this  figure  multiplied  by  the  factor  1.78  and 
divided  by  2,000  gives  tons  per  acre  of  this  material  to  add. 

In  order  to  obtain  accurate  concordant  results  it  is  necessary 
that  each  step  in  the  procedure  be  exactly  duplicated  from  day  to 
day.  The  possibilities  and  limitations  of  this  method  have  often 
been  fully  discussed  in  other  papers  and  will  not  here  be  further 
emphasized. 

The  Determinciion  of  the  Alkali  Salts* 

The  equivalent  of  fifty  grams  of  the  dry  soil  are  placed  in  a 
quart  Mason  jar,  500  cc.  of  freshly-boiled  distilled  water  added, 
and  the  whole  shaken  for  3  hours  in  a  shaking  machine.  Two 
hundred  fifty  (or  more)  cc.  of  the  solution  is  filtered  through 
an  unglazed  porcelain  pressure  filter  and  125  cc.  (representing 
123^  grams  of  soil)  titrated  directly  for  chlorides,  as  in  the  Hil- 
gard  Method.  Another  125  cc.  portion  is  placed  in  a  porcelain 
evaporating  dish  and  evaporated  nearly,  but  not  quite,  to  dry- 
ness on  a  water  bath.  The  resulting  residue  and  solution  is  then 
treated  with  successive  small  portions  of  50%  alcohol  (which 
does  not  dissolve  calcium  carbonate).  These  alcohol  extracts 
are  then  filtered  to  remove  any  Ca  CO3,  the  filtrate  made  up  to 
200  cc.  with  distilled  water,  a  few  drops  of  methbl  orange  added, 

and  titrated  against  a  standard  acid  solution  I  —  I  for  the  sodium 

I  100  J 

carbonate  and  bi-carbonate.  By  consulting  a  table  of  chemical 
solubilities,  or  by  actual  trial,  it  will  be  found  that  calcium  car- 
bonate in  the  form  of  coral  sand  or  coral  rock  (the  only  forms  of 
calcium  carbonate  found  on  these  islands)  when  present  in  soils, 
are  soluble  to  the  extent  of  about  3  or  4  milligrams  in  the  125 


*  The   "New  Method"  as  recently  perfected  in  this  laboratory  lor  the  determi; 
nation  of  chlorides  and  carbonates  of  sodinm. 
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cc.  of  water  used.    This  would  neutralize  from  6  to  8  cc.  of  the 

N 

—  HCI  used  in  the  titration.     For  this  reason  the  procedure  using 
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50%  alcohol,  which  at  most  dissolves  but  traces  of  the  CaCO^, 
was  adopted.  The  following  precautions  should  be  observed: 
Commercial  95%  alcohol  may  be  slightly  acid.  This  must  be 
corrected  before  use.  The  hood  where  the  solutions  are  evapor- 
ated to  dryness  must  be  free  from  acid  fumes. 

(c)      SOIL   BACTERIOLOGY. 

Ammonification  (''Beaker  Method"). 

Fifty  gram  portions,  either  in  duplicate  or  in  triplicate,  of  the 
air  dried  soil  to  be  tested  are  weighed  out  into  sterilized  glass 
tumblers  and  exactly  one  gram  of  dried  blood  of  known  nitrogen 
content  added.  This  is  thoroughly  mixed  in  with  a  sterilized 
spatula.  Add  sterile  distilled  water  to  bring  the  moisture  content 
of  the  soil  up  to  the  optimum,  let  stand  an  hour  or  two  to  equal- 
ize moisture  conditions,  and  again  stir.  Cover  the  tumblers  with 
Petri  dish  covers  and  incubate  7  days  at  28°  C.  Transfer  the 
soils  to  copper  distilling  flasks,  add  10  grams  of  light  magnesium 
oxide  and  500  cc.  of  distilled  water,  and  distill  off  the  anmionia 
( formed  in  the  soil  from  the  dried  blood  nitrogen)  into  standard 
acid,  titrating  in  the  usual  way.  A  small  piece  of  zinc  or  paraf- 
fine  should  be  added  to  the  soil  mixture  to  prevent  "bumping" 
during  distillation. 

Fifty  grams  of  the  original  soil  (without  incubation)  should 
also  be  run  for  ammonia  (blank)  and  this  subtracted  from  the 
average  culture  result.  Finally  calculate  the  percentage  of  orig- 
inal blood  nitrogen  which  has  been  changed  to  ammonia  nitrogen 
in  the  soils  during  the  incubation  period.  (Read,  "Ammonifica- 
tion in  Soils  and  in  Solutions,"  by  F.  L.  Stevens  and  W.  A. 
Withers,  Cent.  Bakt.  (etc.),  Vol.  23,  p.  776). 

Nitrification  (''Beaker  Method"). 

Weight  out  four  100  gram  portions  of  air  dry  soil  into  clean, 
sterile  glass  tumblers.    Treat  each  as  follows : 

No.  1 — Blank  (nothing  added). 

No.  2 — Blank  (add  water  only,  and  incubate). 

No.  3 — Add  0.2  gram  ammonium  sulfate  (42.4  mgs.  N). 

No.  A — Add  0.3  gram  dried  blood  (40.5  mgs.  N). 

(Weight  out  other  100  gram  portions  of  the  soil  in  case  other 
nitrogenous  materials  are  to  be  tested). 


99 

Thoroughly  mix  each  with  a  sterile  spatula.  Add  optimum 
amounts  of  sterile  distilled  water  to  all  calutures  except  No.  1, 
and  incubate  4  weeks  at  28°  C.  after  covering  with  Petri  dish  tops. 
About  3  cc.  of  sterile  water  must  be  added  to  each  culture  each 
week  (except  No.  1)  to  make  up  for  loss  by  evaporation. 

At  the  end  of  the  incubation  period,  remove  the  covers  and 
dry  the  cultures  in  a  hot-air  oven  at  100°  C.  (not  higher  or  a  loss 
of  nitrates  results).  Place  each  culture  in  a  500  cc.  shaker  bottle 
and  add  2  grams  of  calcium  carbonate  to  each  to  floculate  the 
clay.  Add  exactly  250  cc.  of  distilled  water  to  each  and  shake 
every  few  minutes  for  an  hour.  Let  settle  and  filter  thru  paper. 
Take  exactly  25  cc.  of  the  clear  filtrates  and  determine  nitrates 
present  by  the  modified  Phenoldisulfonic  Acid  Method  of  Gill. 
(See  "Soil  Bacteriological  Laboratory  Manual,"  Pub.  by  Chem- 
ical Pub.  Co.,  Easton,  Pa.,  by  P.  S.  Burgess,  pages  103  to  105). 

Subtract  the  nitrate  nitrogen  found  in  No.  1  (blank)  from  the 
others,  and  express  both  as  milligrams  of  nitrate  nitrogen  formed 
per  100  grams  of  soil  and  also  (knowing  the  nitrogen  content  of 
the  materials  added)  as  percentage  of  original  nitrogen  nitrified. 

(Read,  "Ammonification  and  Nitrification  in  Soil  and  in  Solu- 
tion,'' by  F.  Lohnis  and  H.  H.  Green,  Centbl.  Bakt.  (etc.).  Vol. 
40  p.  457.  "Nitrification  in  Soils  and  in  Solutions,"  by  Stevens 
and  Withers,  Centbl.  Bakt.  (etc.).  Vol.  23,  pp.  355-373  and  776- 
785). 

Nitrogen  Fixation  in  Solution. 

Make  up  the  following  nutrient  solution:: 
In  1  liter  of  tap  water  dissolve, 

0.2  gram  KgHPO, 

0.2      "      MgSO, 

0.5      "      NaCl 
20.0       "      mannite 

1    drop  of  a  10%  FeClj  solution. 

Add  a  few  drops  of  phenolphathalein  and  just  neutralize  with 
a  1%  solution  of  KOH.  Place  100  cc.  of  this  solution  in  500  cc. 
Erlenmeyer  flasks,  plug  with  cotton  and  sterilize  in  an  autoclave 
at  ten  pounds  steam  pressure  for  ten  minutes.  When  cool,  ino- 
culate each  flask  with  exactly  1  gram  of  the  soils  (whose  total 
nitrogen  contents  are  known)  to  be  examined.  At  the  end  of  a 
3  weeks  incubation  period,  at  28°  C,  transfer  the  contents  of 
each  flask  to  a  glass  Kjeldahl  flask,  digest  and  determine  total 
nitrogen  as  above.  Attention  will  be  required  during  digestion 
on  the  furnace  to  prevent  frothing,  caused  by  the  excess  of  car- 
bon added  in  the  mannite  which  the  bacteria  have  not  completely 
oxidized. 
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The  difference  between  the  amounts  of  nitrogen  in  the  1  gram 
portion  of  soil  added  as  an  inoculum,  and  the  amounts  of  nitro- 
gen finally  found  in  the  cultures,  divided  by  two,  g^ves  the  quan- 
tities of  nitrogen  fixed  per  gram  of  mannite  consumed. 

For  methods  of  isolating  pure  cultures  of  asotobacter  from 
these  mixed  solution  cultures,  see  **Soil  Bacteriology  Laboratory 
Manuel,"  (Chemical  Pub.  Co.,  Easton,  Pa.),  by  P.  S.  Burgess, 
pages  50-51. 

K on-Symbolic  Nitrogen  Fixation  {"'Beaker  Method"), 

Weigh  out  into  sterile  glass  tumblers  50  gram  portions  of  the 
soils  to  be  tested.  Add  exactly  one  gram  of  mannite  to  each  and 
sterile  tap  water  to  optimum  moisture  contents.  Let  stand  an 
hour  or  two  and  mix  each  thoroughly  with  a  sterilized  spatula. 
Cover  with  Petri  dish  tops  and  incubate  3  weeks  at  28^  C,  add- 
ing 2  cc.  of  sterile  water  each  week  to  make  up  for  evaporation. 
At  the  end  of  the  incubation  period  dry  out  the  cultures  in  a  hot 
air  oven  at  100°  C,  grind  in  a  mortar  and  carefully  weigh  out  10 
gram  portions  of  each  culture  in  duplicate  into  Kjeldahl  flasks. 
Determine  the  total  nitrogen  present  by  the  modified  Gun- 
ning Method  as  given  above  (page  . . ).  The  difference  between 
the  amount  of  nitrogen  found  in  the  culture  and  in  the  original 
soil  before  incubation,  represents  the  amount  fixed  ( 10  grams  of 
soil  being  taken  for  analysis  in  each  case).  This  amount  (in 
milligrams)  multiplied  by  5  gives  the  quantity  of  atmospheric 
nitrogen  fixed  per  gram  of  mannite  consumed. 


